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Background 
 
U.S. Patent No. 7,867,808 (“the ’808 Patent”) 
Filing Date:  December 28, 2008 
Foreign Application Priority Date: December 28, 2007. 
 
Sony Exmor RS CMOS Image Sensor 
The Sony Exmor RS CMOS Image Sensor is a complementary metal oxide semiconductor (“CMOS”) stacked image sensor.  The 
Sony Exmor RS is used, for example, in the wide-angle rear camera module of the Apple iPhone Pro 13.  
 
The following chart maps a representative Sony Exmor RS CMOS Image Sensor from the wide-angle rear camera module of the 
Apple iPhone Pro 13 to the Asserted Claims of the ’808 Patent. 
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OVERVIEW:  The Sony Exmor RS CMOS Image Sensor includes a CMOS image sensor (CIS) die stacked on an image signal processor (ISP) 
die.  Each of the CIS and ISP dies includes a silicon (Si) substrate and interconnect metal levels.  The figure below illustrates an exemplary cross-
section of the stacked CIS and ISP dies.  
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OVERVIEW (Cont’d):  The CIS Si substrate includes an array of pixels.  The figure below illustrates an exemplary SEM plan view of such 
pixels at a front surface of the CIS Si substrate.  Pixel units are highlighted in green. 
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OVERVIEW (Cont’d):  The figure below illustrates an exemplary scanning capacitance microscope (SCM) cross-section of such pixels in the 
CIS Si substrate, e.g., a cross-section along line F (in the above image).  As shown below, a P-type pinning layer is formed over N-type cathodes 
of the photodiodes.  Adjacent pixels are isolated from each other laterally by a combination of front P-type implant isolation layer and back deep 
trench isolation (B-DTI). 
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OVERVIEW (Cont’d):  The CIS substrate and ISP substrate are electrically connected through direct bonding interconnects (DBIs).  The figure 
below represents an exemplary scanning electron microscope (SEM) cross-section of such DBIs. 
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OVERVIEW (Cont’d):  The figure below illustrates another exemplary SEM cross-section of such DBIs, e.g., a close-up of the region outlined 
by dashed red lines in the previous figure above. 
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein forming the 
ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer over the first 
conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a second conduction 
type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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The ISP Si substrate (labeled 100) is provided. 
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein forming the 
ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer over the first 
conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a second conduction 
type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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ISP metal interconnects (dotted red outline, labeled 115) are formed over ISP Si substrate 100.  ISP metal interconnects 115 include metal pads 
and plugs.  Note that the orientation of the figure is “upside down” relative to when ISP metal interconnect 115 is formed over the first substrate.  
The ISP DBI, and/or any and all of the ISP metal pads and plugs at metal levels 1 through 7 (ISP M1-M7) connected to the ISP DBI, may 
correspond to the claimed “metal interconnection,” since they are formed over ISP Si substrate 100. 
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding 
the first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second 
substrate to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the 
crystalline semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein 
forming the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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A photodiode (labeled 210) is formed in CIS Si substrate (labeled 200).  
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding 
the first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second 
substrate to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the 
crystalline semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein 
forming the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 



 

 Page 16 of 38 

 

An isolation layer (labeled 220) of P-type impurity ions is formed in photodiode 210.  Two regions of P-type impurity ions collectively 
correspond to isolation layer 220: a P-type implant isolation layer, and a P-type pinning layer.  Isolation layer 220 isolates pixels from each other. 

 
 

Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second 
substrate to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the 
crystalline semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein 
forming the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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The ISP and CIS dies are bonded together, and thus, corresponding ISP Si substrate 100 and CIS Si substrate 200 are bonded together.  The 
bonding facilitates electrically connecting the photodiode and ISP metal interconnects 115.  The figure depicts a column DBI which electrically 
connects a column out transistor of a pixel of the photodiode to ISP metal interconnects 115.   
 
The photodiode and ISP metal interconnects 115 are electrically connected concurrently when ISP Si substrate 100 and CIS Si substrate 200 are 
bonded.  
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second 
substrate to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the 
crystalline semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein 
forming the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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A lower portion of CIS Si substrate 200 is removed, thinning CIS Si substrate 200 down to back surface 202.  The thinning exposes the 
photodiode to facilitate subsequent processing, including formation of B-DTIs, anti-reflective (AR) layers, a tungsten (W) grid, a color filter array 
(CFA), and on-chip lenses (OCLs).   
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein forming 
the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer over the 
first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a second 
conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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A layer (labeled 212) having P-type conduction is formed in CIS Si substrate 200.  Layer 212 is utilized in forming photodiode 210.   
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein 
forming the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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A layer (labeled 214) having N-type conduction is formed over second conduction type conduction layer 212.  Layer 214 is utilized in forming 
photodiode 210.   
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein forming 
the ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer 
over the first conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a 
second conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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Forming ion implantation isolation layer 220 in photodiode 210 comprises forming a pinning layer (labeled 220a) of P-type impurity ions over 
first conduction type conduction layer 214. 
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Claim 1 
 
A method, comprising: providing a first substrate; forming circuitry including a metal interconnection over the first substrate; forming a 
photodiode in a crystalline semiconductor layer of a second substrate; forming an ion implantation isolation layer in the photodiode; bonding the 
first substrate to the second substrate to connect the photodiode to the metal interconnection; and removing a lower portion of the second substrate 
to expose the photodiode, wherein forming the photodiode comprises: forming a second conduction type conduction layer in the crystalline 
semiconductor layer; and forming a first conduction type conduction layer over the second conduction type conduction layer, wherein forming the 
ion implantation isolation layer in the photodiode comprises forming a second conduction type first ion implantation isolation layer over the first 
conduction type conduction layer, wherein forming the ion implantation isolation layer in the photodiode comprises forming a second 
conduction type second ion implantation isolation layer at an interface between pixels of the photodiode. 
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Forming ion implantation isolation layer 220 in photodiode 210 comprises forming an isolation layer (labeled 220b) of P-type impurity ions at 
pixel interfaces (labeled 221) of photodiode 210. 

 

Claim 2 
 
The method of claim 1, comprising forming the second conduction type conduction layer at a junction depth of less than approximately 
0.5 m. 
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The second conduction type conduction layer 212 is formed in CIS Si substrate 200 at a junction depth of less than 0.5 m.  

 

Claim 4 
 
The method of claim 1, comprising forming the ion implantation isolation layer over at least one of a side of the photodiode and a bottom 
of the photodiode. 
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The ion implantation isolation layer 220 is formed over at least one of a side and a bottom of the photodiode 210.   
 
 

 

Claim 5 
 
The method of claim 1, wherein the ion implantation isolation layer comprises a P0 layer. 
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The ion implantation isolation layer 220 includes a P0 layer.   
 
 

 
 

Claim 6 
 
The method of claim 1, comprising: forming a dielectric over the photodiode of the second substrate before bonding the first and second 
substrates; and forming a metal pad in the dielectric. 
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An interlayer dielectric (CIS ILD, labeled 260) is formed over the photodiode of the CIS Si substrate 200 before bonding ISP Si substrate 100 and 
CIS Si substrate 200.  A pad of CIS metal interconnect (labeled 270) at metal level 3 (CIS M3) is formed in CIS ILD 260. 

 



 

 Page 32 of 38 

 
 



 

 Page 33 of 38 

Claim 8 
 
The method of claim 1, wherein forming the circuitry including the metal interconnection comprises forming a metal and a plug over the 
first substrate. 
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Forming ISP metal interconnects 115 comprises forming a metal (labeled 110) and a plug (labeled 120) over ISP Si substrate 100.   
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Claim 9 
 
The method of claim 1, wherein the second conduction type second ion implantation isolation layer is disposed to directly contact on a 
top surface of the second conduction type first ion implantation isolation layer and a bottom surface of the second conduction type 
conduction layer. 

The second conduction type isolation layer 220b is disposed to directly contact on a top surface of the second conduction type first ion 
implantation isolation layer 220a and the bottom surface of the second conduction type conduction layer 212.  
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