
(12) STANDARD PATENT (11) Application No. AU 2012253261 C1 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
System and method for sub-column parallel digitizers for hybrid stacked image 
sensor using vertical interconnects 

(51) International Patent Classification(s) 
A61B 5/05 (2006.01) 

(21) Application No: 2012253261 (22) Date of Filing: 2012.05.14 

(87) WIPO No: WO12/155150 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/485,440 2011.05.12 US 
61/485,432 2011.05.12 US 
61/485,426 2011.05.12 US 
61/485,435 2011.05.12 US 

(43) Publication Date: 2012.11.15 
(44) Accepted Journal Date: 2016.03.10 
(44) Amended Journal Date: 2017.08.10 

(71) Applicant(s) 
DePuy Synthes Products, Inc.  

(72) Inventor(s) 
Blanquart, Laurent 

(74) Agent / Attorney 
Griffith Hack, GPO Box 1285, Melbourne, VIC, 3001, AU 

(56) Related Art 
US 7470893 
US 2009/0184349 
US 2009/0230287 
US 2008/0258042



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2012/155150 A1 
15 November 2012 (15.11.2012) W I P 0 I P C T 

(51) International Patent Classification: (74) Agent: EDWARDS, Terrence J.; Clayton, Howarth & 
A61B 5/05 (2006.01) Cannon, P.C., P.O. Box 1909, Sandy, UT 84091 (US).  

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every 
PCT/US2012/037855 kind of national protection available): AE, AG, AL, AM, 

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
(2 Intrnta F Date:5.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
14 May2012 (14.05.2012) DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 

(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, 
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 

(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, 

61/485,435 12 May 2011 (12.05.2011) US SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, 

61/485,440 12 May 2011 (12.05.2011) US TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  
61/485,426 12 May 2011 (12.05.2011) US (84) Designated States (unless otherwise indicated, for every 
61/485,432 12 May 2011 (12.05.2011) US kind of regional protection available): ARIPO (BW, GH, 

(71) Applicant (for all designated States except US): OLIVE GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 
MEDICAL CORPORATION [US/US]; 2302 South UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
Presidents Drive, Suite D, Salt Lake City, UT 84120 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 

EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
(72) Inventor; and MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
(75) Inventor/Applicant (for US only): BLANQUART, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

Laurent [FR/US]; 2776 Great Smokey Court, Westlake ML, MR, NE, SN, TD, TG).  
Village, CA 91362 (US).  

[Continued on next page] 

(54) Title: SYSTEM AND METHOD FOR SUB-COLUMN PARALLEL DIGITIZERS FOR HYBRID STACKED IMAGE 
SENSOR USING VERTICAL INTERCONNECTS 

(57) Abstract: Embodiments of a hybrid imaging sensor and 
1452 1452 1430 1487 methods for pixel sub-column data are read from within a 

1400 pixel array. The hybrid imaging sensor and methods optimize 
1430 the pixel array area and use a stacking scheme for a hybrid 

1450 image sensor with minimal vertical interconnects between 
substrates.  

1 

144 

FIG. 14 

144



W O 20 12/15 5 150 A 1l II |IIll||VIIlllllII|||||||I||||D|||||||I||||I|I|||||||||lI||||||||||||||||I| 

Published: 

- with international search report (Art. 21(3))



SYSTEM AND METHOD FOR SUB-COLUMN PARALLEL DIGITIZERS FOR 
HYBRID STACKED IMAGE SENSOR USING VERTICAL INTERCONNECTS 

BACKGROUND 

5 The disclosure relates generally to electromagnetic sensing and sensors and also 

relates to low energy electromagnetic input conditions as well as low energy 

electromagnetic throughput conditions. The disclosure relates more particularly, but not 

necessarily entirely, to optimizing the pixel array area and using a stacking scheme for a 

hybrid image sensor with minimal vertical interconnects between substrates and associated 

10 systems, methods and features, which may also include maximizing pixel array size/die 

size (area optimization).  

There has been a popularization of the number of electronic devices that utilize and 

include the use of imaging/camera technology in general. For example, smartphones, 

tablet computers, and other handheld computing devices all include and utilize 

15 imaging/camera technology. The use of imaging/camera technology is not limited to the 

consumer electronics industry. Various other fields of use also utilize imaging/camera 

technology, including various industrial applications, medical applications, home and 

business security/surveillance applications, and many more. In fact, imaging/camera 

technology is utilized in nearly all industries.  

20 Due to such popularization, the demand for smaller and smaller high definition 

imaging sensors has increased dramatically in the marketplace. The device, system and 

methods of the disclosure may be utilized in any imaging application where size and form 

factor are considerations. Several different types of imaging sensors may be utilized by 

the disclosure, such as a charged-couple device (CCD), or a complementary metal-oxide 

25 semiconductor (CMOS), or any other image sensor currently known or that may become 

known in the future.  

CMOS image sensors typically mount the entire pixel array and related circuitry, 

such as analog-digital converters and/or amplifiers, on a single chip. Because of the 

physical constraints of the chip size itself and the physical space occupied by related 

30 circuitry involved in a conventional CMOS image sensor, the area that the pixel array may 

occupy on the chip is often limited. Thus, even if the pixel array were maximized on a 

substrate that also contains the related circuitry, the pixel array is physically limited in area 

due to the amount of physical area and space that the related circuitry for signal processing 

and other functions occupies on the chip.  

35 Further, the application or field of use in which the CMOS image sensor may be 

used often requires the CMOS image sensor to be limited to a certain size also limiting the 
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physical area in which the pixel array may occupy. The size limitations of a CMOS image 

sensor often require trade-offs between image quality and other important functions, such 

as signal processing, due to the number of considerations that must be accounted for in the 

design and manufacture of a CMOS image sensor. Thus, for example, increasing the pixel 

5 array area may come with a trade-off in other areas, such as A/D conversion or other 

signal processing functions, because of the decreased area in which the related circuitry 

may occupy.  

The disclosure optimizes and maximizes the pixel array without sacrificing quality 

of the signal processing by optimizing and maximizing the pixel array on a first substrate 

10 and stacking related circuitry on subsequent substrates. The disclosure utilizes 

advancements in back-side illumination and other areas to take advantage of optimizing 

the area of the pixel array on a substrate. The stacking scheme and structure allow highly 

functional, large-scale circuits to be utilized while maintaining a small chip size.  

The features and advantages of the disclosure will be set forth in the description 

15 which follows, and in part will be apparent from the description, or may be learned by the 

practice of the disclosure without undue experimentation. The features and advantages of 

the disclosure may be realized and obtained by means of the instruments and combinations 

particularly pointed out in the appended claims.  

It is to be understood that, if any prior art is referred to herein, such reference does 

20 not constitute an admission that such prior art forms a part of the common general 

knowledge in the art, in Australia or any other country.  

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is provided an imaging 

sensor comprising: a plurality of substrates; a pixel array comprising pixels formed into 

25 pixel columns; wherein each of said pixel columns are divided into a plurality of pixel sub

columns, wherein each of the pixel sub-columns that are configured to be read 

independently through a pixel sub-column bus from one sub-colunm to another; a plurality 

of supporting circuits each having a circuit bus; wherein a first substrate of the plurality of 

substrates comprises the pixel array; wherein the plurality of supporting circuits are 

30 disposed on a supporting substrate that is disposed remotely relative to said first substrate; 

wherein one of said plurality of supporting circuits is electrically connected to, and in 

electrical communication with, a corresponding sub-column of said pixel array; and 

wherein said electrical communication is provided by an interconnect disposed between 

said first substrate and said supporting substrate.  
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According to yet another aspect of the present invention, there is provided a 

method of accessing data on an imaging sensor comprising: electronically connecting 

pixels in a pixel array located on the a first substrate to support circuits on a second 

substrate; wherein said pixel array is organized into pixel columns; wherein each of said 

5 pixel columns are divided into a plurality of pixel sub-columns; reading the plurality of 

pixel sub-columns starting with a first pixel in each sub-column and sequentially reading 

pixel data from each of the pixels until the last pixel in the sub-colunm is read; 

transmitting said pixel data through interconnects to a plurality of corresponding 

supporting circuits located on the second substrate and comprising a plurality of circuit 

10 columns, wherein the data from one pixel sub-column is processed by one circuit column 

corresponding with said one pixel sub-column, processing said pixel data into an image.  

According to still yet another aspect of the present invention, there is provided an 

imaging sensor comprising: a plurality of substrates comprising at least a first substrate 

and a second substrate; a pixel array located on the first substrate and comprising a 

15 plurality of pixel columns, wherein each of the plurality of pixel columns is defined as one 

pixel in width and a plurality of pixels in length enough to cover the dimension of the 

array; wherein each of said pixel columns are divided into a plurality of pixel sub-columns 

such that each pixel sub-colunm is electrically isolated from other pixel sub-columns; a 

plurality of supporting circuits located on the second substrate and comprising a plurality 

20 of circuit columns, where one circuit column corresponds with one pixel sub-column, 

wherein each of the plurality of circuit columns is defined as having an area that 

corresponds with an area of a corresponding pixel sub-column; a plurality of buses, 

wherein there is one pixel sub-column bus per at least one pixel sub-column residing on 

the first substrate and one circuit column bus per circuit column residing on said second 

25 substrate; wherein at least a portion of each of the pixel sub-column buses is superimposed 

with at least a portion of each of the corresponding circuit column buses and at least one 

interconnect providing electrical communication between one pixel sub-column bus and 

one corresponding circuit column bus; and wherein said at least one interconnect is located 

anywhere between one pixel sub-column bus and one corresponding circuit column bus 

30 and are superimposed with respect to each other.  

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the disclosure will become apparent from a 

consideration of the subsequent detailed description presented in connection with the 

accompanying drawings in which: 
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FIG. 1 illustrates an embodiment of an imaging sensor built on a plurality of 

substrates and also illustrating an embodiment of the specific placement of support circuits 

in accordance with the teachings and principles of the disclosure; 

FIG. 2 illustrates an embodiment of a pixel array wherein interconnects are spaced 

5 relative to pixels within the pixel array in accordance with the teachings and principles of 

the disclosure; 

FIG. 3 illustrates an embodiment of a pixel array wherein interconnects are spaced 

relative to columns within the pixel array in accordance with the teachings and principles 

of the disclosure; 

10 FIG. 4 illustrates an embodiment of a pixel array wherein a interconnects are 

spaced relative to areas within the pixel array in accordance with the teachings and 

principles of the disclosure; 

FIG. 5 illustrates a perspective view of an embodiment of an imaging sensor built 

on a plurality of substrates wherein a plurality of pixel columns forming the pixel array are 

15 located on the first substrate and a plurality of circuit columns are located on a second 

substrate and showing an electrical connection and communication between one column of 

pixels to its associated or corresponding column of circuitry via interconnects, wherein 

interconnects may be spaced relative to defined pixel areas within the pixel array in 

accordance with the teachings and principles of the disclosure; 

20 FIGS. 6 -10 illustrate top views of various embodiments of an imaging sensor built 

on a plurality of substrates wherein a plurality of pixel columns forming the pixel array are 

located on the first substrate and a plurality of circuit columns are located on a second 

substrate and showing an electrical connection and communication between one column of 

pixels to its associated or corresponding column of circuitry via interconnects, wherein 

25 interconnects may be spaced relative to defined pixel areas within the pixel array in 

accordance with the teachings and principles of the disclosure; 

FIG. 11 illustrates a top view of an embodiment of an imaging sensor built on a 

plurality of substrates wherein a plurality of pixel columns and sub-columns forming the 

pixel array are located on the first substrate and a plurality of circuit columns are located 

30 on a second substrate and showing an electrical connection and communication between 

one column of pixels to its associated or corresponding column of circuitry; 

FIG. 12 illustrates a perspective view of an embodiment of a plurality of columns 

and sub-columns that together form a pixel array located on a first substrate and a plurality 

of circuit columns located on a second substrate and showing an electrical connection and 
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communication between one sub-column of pixels to its associated or corresponding 

column of circuitry in accordance with the teachings and principles of the disclosure; 

FIGS. 12a - 12c illustrate perspective, front and side views, respectively, of a 

single column of pixels that have been formed into two separate sub-columns of pixels, 

5 wherein each pixel sub-column is attached to a different pixel column read bus, and 

illustrating two columns of circuitry taken from FIG. 12 showing an electrical connection 

therebetween; 

FIG. 13 illustrates a perspective view of an embodiment of a plurality of columns 

and sub-columns that together form a pixel array located on a first substrate and a plurality 

10 of circuit columns dedicated to one or more pixel sub-columns located on a second 

substrate and showing an electrical connection and communication between one column of 

pixels to its associated or corresponding column of circuitry in accordance with the 

teachings and principles of the disclosure; 

FIG. 13a illustrates a perspective view of a single column of pixels that have been 

15 formed into two separate sub-columns of pixels, wherein both pixel sub-columns are 

attached to a different pixel column read bus, and illustrating an electrical connection 

between the read buses to a column of circuitry taken from FIG. 13; 

FIG. 14 illustrates a perspective view of an embodiment of a plurality of columns 

and sub-columns that together form a pixel array located on a first substrate and a plurality 

20 of circuit columns located on a second substrate and showing an electrical connection and 

communication between each sub-column of pixels to its associated or corresponding 

column of circuitry in accordance with the teachings and principles of the disclosure; 

FIGS. 14a - 14c illustrate perspective, front and side views, respectively, of a 

single column of pixels that have been formed into two separate sub-columns of pixels, 

25 wherein each pixel sub-column is attached to a different pixel column read bus, and 

illustrating two columns of circuitry taken from FIG. 14 showing an electrical connection 

therebetween; and 

FIGS. 15 - 18 illustrate top views of various embodiments of a plurality of columns 

and sub-columns that together form a pixel array located on a first substrate and a plurality 

30 of circuit columns located on a second substrate and showing an electrical connection and 

communication between each sub-column of pixels to its associated or corresponding 

column of circuitry in accordance with the teachings and principles of the disclosure.  
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DETAILED DESCRIPTION 

For the purposes of promoting an understanding of the principles in accordance 

with the disclosure, reference will now be made to the embodiments illustrated in the 

drawings and specific language will be used to describe the same. It will nevertheless be 

5 understood that no limitation of the scope of the disclosure is thereby intended. Any 

alterations and further modifications of the inventive features illustrated herein, and any 

additional applications of the principles of the disclosure as illustrated herein, which would 

normally occur to one skilled in the relevant art and having possession of this disclosure, 

are to be considered within the scope of the disclosure claimed.  

10 Before the devices, systems, methods and processes for staggering ADC or column 

circuit bumps in a column or sub-column hybrid image sensor using vertical interconnects 

are disclosed and described, it is to be understood that this disclosure is not limited to the 

particular structures, configurations, process steps, and materials disclosed herein as such 

structures, configurations, process steps, and materials may vary somewhat. It is also to be 

15 understood that the terminology employed herein is used for the purpose of describing 

particular embodiments only and is not intended to be limiting since the scope of the 

disclosure will be limited only by the appended claims and equivalents thereof 

It must be noted that, as used in this specification and the appended claims, the 

singular forms "a," "an," and "the" include plural referents unless the context clearly 

20 dictates otherwise.  

In describing and claiming the subject matter of the disclosure, the following 

terminology will be used in accordance with the definitions set out below.  

As used herein, the terms "comprising," "including," "containing," "characterized 

by," and grammatical equivalents thereof are inclusive or open-ended terms that do not 

25 exclude additional, unrecited elements or method steps.  

As used herein, the phrase "consisting of' and grammatical equivalents thereof 

exclude any element or step not specified in the claim.  

As used herein, the phrase "consisting essentially of' and grammatical equivalents 

thereof limit the scope of a claim to the specified materials or steps and those that do not 

30 materially affect the basic and novel characteristic or characteristics of the claimed 

disclosure.  

As used herein, the term "proximal" shall refer broadly to the concept of a portion 

nearest an origin.  
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As used herein, the term "distal" shall generally refer to the opposite of proximal, 

and thus to the concept of a portion farther from an origin, or a furthest portion, depending 

upon the context.  

Digital imaging, whether still or movie, has many constraints placed upon it with 

5 regard to the devices used to record the image data. As discussed herein, an imaging 

sensor may include a pixel array and supporting circuits that are disposed on at least one 

substrate. Devices usually have practical and optimal constraints on the form factor of the 

imaging sensor depending upon the application. Often it is not the pixel array that is the 

only consideration for fitment, but it is the supporting circuitry that needs to be 

10 accommodated. The supporting circuits may be, but are not necessarily limited to, analog 

to digital converters, power circuits, power harvesters, amplifier circuits, dedicated signal 

processors and filters, serializers for transmission preparation, etc. In addition to circuits, 

physical property elements may be required, such as light filters and lenses. Each of the 

pixels must be read from the pixel array and have the data processed by the supporting 

15 circuits. With the increase in the number of pixels in an array, more data must be handled.  

In regard to movie data the sensor must dump its data and be ready to operate again in 

short order.  

Although size is an issue as stated above, pixel count numbers continue to climb 

industry wide no matter the specific application, and often eclipse the mediums that are 

20 used to actually view the images after they have been recorded, such as a computer 

monitor or television. However, it should be understood that all pixels are not created 

equal. In the example above, a scope configuration may be used in a limited light 

application.  

As pixel counts continue to grow in a given space pixel pitch decreases thereby 

25 requiring greater precision for interconnect electrical contact. Accordingly, the cost of 

image sensor production can increase as the need for greater precision in data handling is 

required for the increased pixel pitch. Current technologies may be used to achieve image 

sensors with increased capabilities but at increased cost as yields fall during manufacture.  

The above-identified issues describe the current state of the art relative to a few 

30 needs within the industry. What is needed is an image sensor having adequate resolution 

by way of pixel count, a vertical architecture and form factor, and as large as possible 

pixel size, all while constrained in a limited space. The disclosure contemplates and will 

discuss embodiments and methods of design that address these and potentially other issues 

by optimizing the size of the pixel array on a substrate/chip and remotely locating 
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supporting circuits in a generally vertical configuration on one or more supporting 

substrates/chips.  

High performance image sensors that use on-chip analog to digital convertors 

(ADC), on-chip digital and analog algorithms, on-chip complex timings, and on-chip 

5 complex analog functions provide high quality images because of the following reasons 

(the list below is not a complete list, but is given merely for exemplary purposes): 

No pick-up noise due to long off-chip analog data lines (if no on-chip ADC, then 

analog signals need to be sent off-chip); 

Lower temporal noise because digital conversion is carried out early in the data 

10 path (no extra amplifier, buffer that will add extra noise); 

Local timing optimization using complex on-chip timing generator. Because of pad 

count limitation, only simple timing can be performed using external system; 

Lower noise generated by I/O. On-chip systems allow for reduced pad count; and 

Faster operation can be achieved (more serial on-chip operation, reduced stray 

15 capacitances and resistances). With larger and larger arrays, the need to read and 

processes the data created therein is paramount.  

The disclosure also contemplates an image sensor that might otherwise be 

manufactured with its pixel array and supporting circuitry on a single, monolithic 

substrate/chip and separating the pixel array from all or a majority of the supporting 

20 circuitry. The disclosure may use at least two substrates/chips, which will be stacked 

together using three-dimensional stacking technology. The first of the two 

substrates/chips may be processed using an image CMOS process. The first substrate/chip 

may be comprised either of a pixel array exclusively or a pixel array surrounded by limited 

circuitry. The second or subsequent substrate/chip may be processed using any process, 

25 and does not have to be from an image CMOS process. The second substrate/chip may be, 

but is not limited to, a highly dense digital process in order to integrate a variety and 

number of functions in a very limited space or area on the substrate/chip, or a mixed-mode 

or analog process in order to integrate for example precise analog functions, or a RF 

process in order to implement wireless capability, or MEMS (Micro-Electro-Mechanical 

30 Systems) in order to integrate MEMS devices. The image CMOS substrate/chip may be 

stacked with the second or subsequent substrate/chip using any three-dimensional 

technique. The second substrate/chip may support most, or a majority, of the circuitry that 

would have otherwise been implemented in the first image CMOS chip (if implemented on 

a monolithic substrate/chip) as peripheral circuits and therefore have increased the overall 

35 system area while keeping the pixel array size constant and optimized to the fullest extent 
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possible. The electrical connection between the two substrates/chips may be done through 

interconnects, which may be wirebonds, bump and/or TSV (Through Silicon Via).  

Referring now to FIG. 1, an embodiment of an image sensor with its pixel array 

and supporting circuitry built on a plurality of substrates is illustrated using backside 

5 illumination. As can be seen in the figure, a pixel array 450 may be disposed on a first 

substrate 452. The first substrate 452 may be made of silicon or of another material in 

order to control light transmission characteristics. Solder balls, bumps or vias 421 may be 

used to electrically connect one substrate to another. An embodiment of a stacked image 

sensor may comprise a pixel array 450 on a first substrate 452. The pixel array 450 may 

10 cover at least forty percent of a first surface 451 of the first substrate 452. In a backside 

illuminated configuration, a pixel array may be disposed on the backside of said first 

substrate. Further, in a back side illumination configuration the substrate 452 may be 

thinned for controlling light transmission therethough. In an embodiment utilizing 

backside illumination, the first substrate may be made of primarily silicon material, or the 

15 first substrate may be made of primarily of "High-Z" semiconductor material (Cadmium 

Telluride e.g.), or the first substrate may be made primarily of III-V semiconductor 

materials (Gallium Arsenide e.g.).  

In an embodiment, a pixel array 450 may cover a majority of the first surface 451 of a first 

substrate 452. In such an embodiment the pixel array 450 may be situated or located on 

20 any portion of said first surface 451. The remaining space on the first surface 451 may be 

used for secondary circuit placement if desired. Situations may arise where a secondary 

circuit may be sized such that central placement of the pixel array is not practical.  

During use, data created by individual pixels on the pixel array must be processed 

by supporting circuitry, as such each pixel must be electronically connected to supporting 

25 circuits. Ideally each pixel could be read simultaneously thereby creating a global shutter.  

Referring now to FIG. 2, it will be appreciated that the ability to read data from an imaging 

device as a global shutter requires that there be one interconnect 1724 per pixel 1726, 

which is very difficult to achieve in practice because of the bumping pitch during 

manufacturing tolerances. FIG. 3 illustrates a situation where the pixels 1726 have been 

30 formed in a plurality of columns, such as 1728. Using a pixel column (1728) format in a 

pixel array, a very high frame rate can be achieved by using a rolling type shutter. It will 

be appreciated that a rolling type shutter reads an entire row of pixels substantially 

simultaneously at one time and then reads or moves from the top of the pixel columns to 

the bottom of the pixel columns. In other words, the first row of pixels may be read 

35 followed by the next, adjacent row of pixels as data is read from the plurality of pixel 
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columns, and the reading starts at the top of the pixel columns and then rolls down the 

columns, pixel by pixel at a time, and moves in a predetermined and calculated pattern 

over the entirety of the pixel array. In the case of a rolling shutter, only one read bus 1730 

need be present per pixel column 1728, and one read bus 1740 per circuit column. Due to 

5 the superimposition of the read buses 1730 and 1740 on the first substrate 1752 and the 

second substrate 1754, respectively, only one interconnect/bump 1724 per pixel column 

bus 1730 is required to connect the pixel read bus 1730 to the circuit read bus 1740, 

instead of one interconnect/bump 1724 per pixel 1726 as required by a global shutter.  

FIG.2 illustrates a bumping configuration or scheme using one bump 1724 per 

10 pixel 1726, which approximates a global shutter operation. In this configuration, the bump 

pitch equals or substantially equals the pixel pitch in both the X and Y axes or directions.  

FIG. 3 illustrates a bumping configuration or scheme using one interconnect/bump 1724 

per pixel column 1728. This configuration may be used in a rolling shutter operation. This 

bump pitch configuration or scheme is more relaxed as compared to the bump pitch of 

15 FIG. 2 in the vertical direction only. However, it should be noted that in this configuration 

the bump pitch is still required to be at least the same in one direction or dimension as the 

pixel pitch. FIG. 3 illustrates a plurality of columns 1728, where each column 1728 is 

comprised of a plurality of pixels 1726. Each column of pixels may run in the Y direction 

(y-axis) for a distance and may be one pixel in width as illustrated. Each column of pixels 

20 may be read through a single connection point at one end of each column 1728. Although 

such a configuration simplifies chip architecture, tight tolerances must still be maintained 

because the distance between pixels laterally (horizontally) continues to limit bump 

(interconnect) pitch because the interconnect must not make contact with a neighboring 

interconnect and must be sized accordingly.  

25 FIG. 4, illustrates a bumping configuration that is even further relaxed than that 

shown in FIGS. 2 or 3. In this figure, the bump pitch is relaxed (e.g., the distance between 

bumps has increased in comparison to FIGS. 2 and 3) and half of the interconnects/bumps 

1724 can be used to process data at each side of the pixel array 1710. This can be 

accomplished by adding or introducing a second set of interconnects 1724 that alternate 

30 with respect column read buses and at opposing ends of the column read buses (e.g., an 

interconnect 1724 is used to connect read buses 1730, 1740 and may be located at every 

other column read bus on one side of the pixel array 710 and the opposite may be done on 

the other side of the pixel array 710). As can be seen in FIG. 4, the second set of 

interconnects 1724b may be used in combination with the first set of interconnects 1724a 

35 and may be employed to allow half of the data to be processed or read at each side of the 

10 
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pixel array 1710. Such a configuration may allow for nearly double the size of bump pitch 

(interconnect pitch) as compared to the pixel pitch in at least one dimension, which would 

greatly decrease the cost of producing image sensors 1700. In an embodiment, more than 

one interconnect or bump 1724 per pixel column 1728 may be utilized per read bus, such 

5 that data may be read from either end of the pixel column 1728.  

FIGS. 5 - 10 illustrate embodiments and configurations of a pixel array 1810 

having staggered interconnect or bump 1824 positioning on a substrate/chip. As noted 

above, because there is one read bus 1830 per pixel column 1828, 1832 and one read bus 

1840 per circuit column, and because the read buses 1830 and 1840 run from the top of the 

10 column to the bottom of the column, the interconnect/bump 1824 may be placed anywhere 

along the superimposed path of the buses within the column. In order to relax the 

bumping pitch, the bump distance may be increased from column to column by shifting 

the next column bump 1824 either up or down (in the Y direction) in the next column.  

By way of example, it will be appreciated that pixel pitch may be about 5 tm and 

15 pixel column may be any length, for example between about 2mm and about 15mm long.  

It should be noted that bump pitch is a function of pixel pitch, such that the pixel pitch will 

be determinative of an ideal bump pitch. For example, assuming there is a desired bump 

pitch of approximately 100 lm, placing a first interconnect or bump 1824 may then be 

accomplished by starting at the top of the first column and shifting down the next column 

20 interconnect or bump by 100 lm. All other bumps are similarly positioned until the 

interconnect or bump in the 20th column of the line will be located at the bottom of the 

pixel column. At that point, the interconnect or bump 1824 in the 21st column may again 

be placed at the top of the pixel column 1828. This same pattern may then be repeated 

until the end of the pixel array 1810. Horizontally, the interconnects or bumps 1824 may 

25 be separated by 20 columns x 5 tm = 100 lm. In this example, all bumps will then be 

separated by more than 100 jam, even though the pixel pitch is about 5 jam. Redundancy 

can then be introduced in the pixel column for yield purposes. For example, bumps in all 

columns can be doubled (i.e., the two read buses are attached by 2 interconnects or 

bumps). This technique would significantly increase stacking yield and lower the cost of 

30 the overall process.  

As can be seen in FIG. 5, a first column 1828 of pixels 1826 may be electrically 

accessed via a first interconnect 1824a. In the embodiment, a second pixel column 1832 

may be electrically accessed through a second interconnect 1824b, which has been 

positioned during manufacture in a staggered configuration relative to said first 

35 interconnect 1824a. As illustrated, the location or position of the second interconnect 
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1824b may be at least two pixel widths away from the position of the first interconnect 

1824b (and from any other interconnect 1824) in both the X and Y dimensions or 

directions. A third interconnect 1824c may then be positioned in like manner in a third 

pixel column and so on for N-number of interconnects 1824 across the pixel array 1810.  

5 Such a configuration provides for an interconnect pitch that is at least three times that of 

the pixel pitch. It will be appreciated that the gain in interconnect pitch may be much 

greater than three times that of the pixel pitch under standard conditions. However, it will 

be appreciated that the gain in interconnect pitch may be at least three times the pixel pitch 

as noted above.  

10 Likewise, greater interconnect gains may be made with area based spacing rather 

than column-by-column based connectivity (see figures illustrating a pixel column aspect 

ratio of 6/1 and circuit column aspect ratio of 6/1 and 3/2, or a pixel column aspect ratio of 

8/1 and circuit column aspect ratio of 2/4). This can be accomplished with the addition of 

more bus structures or use of direct reading to a subsequent substrate. In either 

15 configuration, the interconnect pitch may be described thusly: 

Interconnect _Pitch = j(N * PixelPitch, ) 2 + (M * PixelPitch, ) 2 

where N is the number of pixels between two adjacent interconnects in the X-direction and 

M is the number of pixels between two adjacent interconnects in the Y-direction. It will 

be appreciated that each of the plurality of interconnects may be a bump where the bump 

20 to bump distance may be greater than two pixels in width, or greater than four pixels in 

width, or greater than eight pixels in width.  

In many applications, the N x Pixel Pitch in the X direction will be equal to M x 

Pixel Pitch in the Y direction. As illustrated in FIGS. 6 - 10, larger pixel arrays 1810 may 

be accommodated or designed by extrapolating the above described process through 

25 additional iterations. FIG. 6 illustrates a superimposed silicon substrate stack. In the 

figure, a first substrate 1852 consisting of a pixel array 1810 is shown overlaid on top of a 

support substrate 1854 that comprises support circuits. The area available for locating 

support circuits for a first pixel column 1881 is outlined in dashed lines and labeled for the 

sake of simplicity and discussion. It will be appreciated that the actual area of the circuit 

30 column is not represented by the dashed lines, but may be greater than, less than or the 

same as the area of the pixel column. As discussed above, the support circuit area directly 

correlates to the area of a pixel column to which they correspond. Each pixel column may 

be one pixel wide and sixty-four pixels long and may have one read bus that runs from the 

top to the bottom of the pixel column. In FIG. 6, the area available for support circuit 

35 placement may be equal to one pixel unit wide by sixty-four pixel units long, which is 
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shown as the heavier vertical lines in the figure. Therefore, the interconnect 1824 between 

the substrates in FIG. 6 must fall somewhere within the sixty-four pixel unit area in order 

to read that column, since the pixel column read bus and the column circuit read bus are 

superimposed along the path of the sixty-four pixels, such that the interconnect 1824 may 

5 be placed anywhere along those sixty-four pixels to connect the read buses.  

Moreover, because the interconnect can be located only where the pixel column 

read bus and the support circuit read bus superimpose, the interconnect range in order to 

read the corresponding pixel column is 1 pixel wide and 64 pixels long (for this example), 

which is the intercept between the pixel column and the support circuit to be connected.  

10 It should be noted that the exemplary aspect ratio of the support circuit area in FIG.  

6 is illustrated as 1/64. There are many options to locate or place the interconnect 1824 

within that area and the ultimate location may then be chosen by the designer so as to 

allow the desired spacing from interconnect to interconnect. For example, as illustrated 

best in FIGS. 6 - 10, it will be appreciated that in an embodiment in which the 

15 interconnects or bumps 1824 are in a staggered configuration, there may be one 

interconnect or bump 1824 per group of pixels 1826.  

Additionally, it should be noted that various read bus architectures may be utilized 

depending on the desired application. As discussed above, larger dedicated support 

circuits may be employed to process the data read through each interconnect 1824. The 

20 staggering of the position of each interconnect/bump 1824 may also provide even greater 

space for support circuits relative to each area or group of pixels within the pixel array 

1810.  

It should also be noted that many optimum staggering configurations have been 

found for the same base sensor with different support circuit aspect ratios as illustrated in 

25 FIGS. 6 - 10. An optimum configuration can be found by varying the position of the 

interconnect within the range of the intercept between the pixel column and the support 

circuit and the pattern of the allocation of the support circuit to each pixel column. It 

should also be noted that all interconnects illustrated in FIGS. 6 - 10 are more than 7 pixels 

in distance away from each other.  

30 In FIG. 7, the area available for support circuit placement may be equal to two 

pixel units wide by thirty-two pixel units long, which is shown as the heavier vertical lines 

in the figure. Therefore, the interconnect 1824 between the substrates 1852 and 1854 must 

fall somewhere in the sixty-four pixel unit area in order to read that column. It should be 

noted that the aspect ratio of the support circuit area in this example is 2/32. Each pixel 

35 column is or may be one pixel wide and sixty-four pixels long and may have one read bus 
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that runs from the top to the bottom of the pixel column. The choice of where to place the 

interconnect has many options within that area and could be chosen so as to allow the 

desired spacing from interconnect to interconnect. Moreover, because the interconnect can 

be located only where the pixel column read bus and the support circuit read bus 

5 superimpose, in order to read the corresponding pixel column the interconnect range may 

be one pixel wide and thirty-two pixels long (for this example), which is the intercept 

between the pixel column and the support circuit to be connected.  

In FIG. 8, the area available for support circuit placement may be equal to four 

pixel units wide by sixteen pixel units long, which is shown as the heavier vertical lines in 

10 the figure. Therefore, the interconnect between the substrates must fall somewhere in the 

sixty-four pixel unit area in order to read the corresponding pixel column. It should be 

noted that the aspect ratio of the support circuit area in this example is 4/16. Each pixel 

column is or may be one pixel wide and sixty-four pixels long and may have one read bus 

that runs from the top to the bottom of the pixel column. The choice of where to place the 

15 interconnect has many options within that area and could be chosen so as to allow the 

desired spacing from interconnect to interconnect.  

Moreover, because the interconnect can be located only where the pixel column 

read bus and the support circuit read bus superimpose, in order to read the corresponding 

pixel column the interconnect range may be one pixel wide and sixteen pixels long (for 

20 this example), which is the intercept between the pixel colunm and the support circuit to 

be connected.  

In FIG. 9, the area available for support circuit placement may be equal to eight 

pixel units wide by eight pixel units long, which is shown as the heavier vertical lines in 

the figure. Therefore, the interconnect 1824 between the substrates 1852 and 1854 must 

25 fall somewhere in the sixty-four pixel unit area in order to read the corresponding pixel 

column. It should be noted that the aspect ratio of the support circuit area in this example 

is 8/8. Each pixel column is or may be one pixel wide and sixty-four pixels long and may 

have one read bus that runs from the top to the bottom of the pixel column. The choice of 

where to place the interconnect has many options within that area and could be chosen so 

30 as to allow the desired spacing from interconnect to interconnect.  

Moreover, because the interconnect can be located only where the pixel column 

read bus and the support circuit read bus superimpose, in order to read the corresponding 

pixel column the interconnect range may be one pixel wide and eight pixels long (for this 

example), which is the intercept between the pixel column and the support circuit to be 

35 connected.  
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In FIG. 10, the area available for support circuit placement may be equal to sixteen 

pixel units wide by four pixel units long, which is shown as the heavier vertical lines in the 

figure. Therefore, the interconnect between the substrates must fall somewhere in the 

sixty-four pixel unit area in order to read the corresponding pixel column. It should be 

5 noted that the aspect ratio of the support circuit area in this example is 16/4, this example 

shows the flexibility that these methods and apparatuses disclosed herein can provide.  

Each pixel column is or may be one pixel wide and sixty-four pixels long and may have 

one read bus that runs from the top to the bottom of the pixel column. The choice of where 

to place the interconnect has many options within that area and could be chosen so as to 

10 allow the desired spacing from interconnect to interconnect.  

Moreover, because the interconnect can be located only where the pixel column 

read bus and the support circuit read bus superimpose, in order to read the corresponding 

pixel column the interconnect range may be one pixel wide and four pixels long (for this 

example), which is the intercept between the pixel column and the support circuit to be 

15 connected.  

It should also be noted that the pattern of the association of the support circuit to 

the pixel column may be different than that of FIGS. 6 - 10 and such association may 

ultimately provide the optimal distance of the interconnects away from each other. For 

example, the interconnects may be optimally placed at least two pixel widths apart, four 

20 pixel widths apart, eight pixel widths apart, or more from each other. A designer may 

optimally determine the distance that the interconnects may be placed apart from one 

another based on two degrees of freedom: (1) the number of pixels per column, and (2) the 

circuit aspect ratio and location. In the examples shown in FIGS. 6 - 10, the interconnects 

1824 may be located about eight pixels away from each other. However, it will be 

25 understood that other designs may be implemented without departing from the spirit or 

scope of the disclosure.  

For example, as illustrated in FIG. 6, each of the interconnects 1824 may be 

located eight pixels in length and one pixel in width away from each other. Because the 

circuit columns each have an aspect ratio of one pixel in width and sixty-four pixels in 

30 length, the interconnects 1824 may then be located eight pixels away from each other in 

adjacent columns as illustrated in FIG. 6, until the bottom of the circuit 1800 is reached, in 

which case the interconnects 1824 are then moved to the top of the next column and 

continue for the entire width of the pixel array 1810. Conversely, in FIG. 10, the 

interconnects 1824 are still located eight pixels in length and one pixel in width away from 

35 each other. However, in this example, the circuit column aspect ratio is now four pixels in 
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length and sixteen pixels in width. Thus, for the interconnects 1824 to be at least eight 

pixels away from each other, one circuit column 1856b must be skipped since the aspect 

ratio is only four pixels in length, such that the interconnects 1824 maintain optimal 

spacing. Thus, for example, placing an interconnect 1824 in the upper left comer of the 

5 pixel array 1810 in FIG. 10 (on the first pixel of the first column 1828) and then moving to 

the next pixel column 1832 and counting down eight pixels in length, the next interconnect 

1824 may then be placed in the third circuit column 1856c, skipping the second circuit 

column 1856b altogether. This pattern may be used throughout the pixel array. The 

second, skipped circuit column 1856b is then connected to the pixel array by an 

10 interconnect 1824a that is placed in the ninth pixel column and the pattern is repeated for 

all skipped circuit columns. Thus, as illustrated, optimal interconnect spacing may be 

achieved and various circuit designs may be accommodated without departing from the 

scope of the disclosure.  

Referring now to FIG. 11, a pixel array 1810 having columns and sub-columns will 

15 be discussed. As can be seen in FIG. 11, a portion of a pixel array 1810 is illustrated 

having six columns therein, each column running from the top of the portion of the pixel 

array illustrated to the bottom of the pixel array. It will be appreciated that the modem 

circuit 1800 will have a pixel array 1810 that comprises many more pixel columns (a 

plurality of pixels running in the Y-direction in the figure) and rows (a plurality of pixels 

20 running in the X-direction in the figure) forming the array 1810. Only a limited number of 

pixel columns and rows are shown herein for illustration purposes and for the sake of 

discussion and simplicity.  

Each of the pixel columns 1828 in the pixel array 1810 may be divided into sub

columns. The sub-columns may be defined as a plurality of pixels within a column that is 

25 less than the entire column of pixels and that are electrically connected to a pixel sub

column bus. Thus, there may be a plurality of pixel sub-columns per pixel column 1828.  

Each of the sub-columns may have a contact pad and/or an interconnect illustrated as 51, 

52, 53 and 54 to electrically connect each of the sub-column buses on the first substrate to 

an associated or corresponding circuit column bus located on the supporting substrate.  

30 At least one pixel column bus may be used to provide an electrical connection for 

every pixel in the column 1828. The column 1828 may be divided into a plurality of sub

columns, where at least one pixel sub-column bus is present per pixel sub-column. The 

sub-column buses may be differentiated by dividers 62, 63, 64, which dividers may be a 

physical space or gap or other device for electrically isolating the pixel sub-column and/or 

35 sub-column bus from another sub-column and/or sub-colunm bus. During use, the data 

16



from the pixels may be read in a rolling type shutter manner, which is substantially 

simultaneous from each row of pixels in each of the sub-columns (illustrated as four sub

columns in FIG. 11). In such a configuration, the read time may be substantially reduced 

due to the number of sub-columns that are connected to dedicated circuit columns via the 

5 pixel sub-column read bus and the circuit colunm read bus and the interconnects that 

electrically connect the buses together. Thus, the read time in the embodiment illustrated 

may be theoretically reduced (i.e., reading speed is increased) for the entire column (which 

in FIG. 11 includes four sub-columns) by the number of sub-column buses. In FIG. 11, 

there are four sub-columns and sub-column buses, such that the read time is reduced 

10 (speed is increased by four times) by seventy-five percent. It will be appreciated that no 

matter the number or configuration of sub-columns, the rolling shutter may operate row by 

row at the beginning of each sub-colunm incrementally reading each pixel in the sub

column to the end of the sub-column simultaneously with the other sub-columns 

(simultaneously reading the row of pixels starting from the pixel row located at 51, 52, 53, 

15 54).  

In other embodiments, the column may be divided into any number of sub

columns, with each division of the column (e.g., addition of a sub-column) approximating 

a global shutter functionality. As can be seen in the figure, the contact pads and 

interconnect locations can be staggered in each of the columns. As illustrated, the 

20 interconnects from the column labeled "A" from those in the column labeled "B." Other 

iterations of sub-columns and interconnect staggering are possible for N number of 

columns.  

Referring now to FIGS. 12 through 14c, there is illustrated various views of an 

embodiment of an imaging sensor 1200 built on a plurality of substrates having sub

25 column read functionality and remotely located support circuits. FIGS. 12 and 14 

illustrate a plurality of pixel columns 1252 and 1452 forming the pixel array 1250 and 

1450 on the first substrate 1210, 1410 and a plurality of circuit columns 1256, 1456 (that 

represent the supporting circuitry 1270, 1470) on the second substrate 1211, 1411.  

As illustrated in FIGS. 12 - 12c, a pixel array 1250 may be divided into a plurality 

30 of columns and sub-columns 1252. The size of the columns and sub-columns may, for 

example, be based on the size of the associated circuitry 1270 and circuit columns 1256.  

For example, the pixel sub-column 1252 may be one pixel in width and "N" number of 

pixels long (in FIGS. 12 - 12c, the pixel sub-columns are illustrated as being one pixel 

wide and six pixels long) and the circuit columns 1256 are illustrated as having an aspect 

35 ratio of one pixel wide by six pixels long. It will be appreciated that the size or area of the 
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circuit column 1256 may dictate or direct the size of the pixel sub-column 1252, since the 

pixel sub-column 1252 should have substantially the same area as the circuit column 1256.  

The pixel sub-column 1252 may be directly associated with circuit colunm 1256 through 

an electrical connection between an interconnect 1224 that electrically connects the pixel 

5 read bus 1230 to the circuit read bus 1240. The figures show an example of a connection 

between each pixel sub-colunm 1252 to its associated circuitry 1270 in a circuit column 

1256 through read buses 1230 and 1240.  

The figures also show one read bus 1230 per pixel sub-column 1252 and one read 

bus 1240 per circuit column 1256. In this embodiment, the associated circuitry 1270 in a 

10 circuit column 1256 is one pixel wide and six pixels long, but it will be appreciated that 

any circuit column aspect ratio may be utilized by the disclosure. As can be seen in FIGS.  

12-12c, the columns have all been divided into two sub-columns 1287, 1288.  

Accordingly, pixel column read bus 1230 may be manufactured into corresponding pixel 

sub-colunm read buses 1230a and 1230b. Each pixel sub-column 1287, 1288 may be 

15 connected to a pixel column bus 1230a or 1230b first and then to supporting circuitry 1270 

and circuit column 1256, or each sub-colunm 1287, 1288 may connect directly to the 

circuitry 1270 and circuit column 1256 through their own interconnect 1224a and 1224b, 

respectively, to an associated circuit bus 1240a and 1240b.  

As noted herein above, each pixel sub-column 1252 may be electrically associated 

20 or connected to one pixel sub-colunm bus 1230, and each circuit column 1256 may be 

electrically associated or connected to one circuit column bus 1240. FIGS. 12a-12c 

illustrate a perspective view, a front view and a side view, respectively, of a single pixel 

column 1252 divided into sub-columns 1287, 1288 and two associated circuit columns 

1256 separated from the plurality of pixel columns 1252 and plurality of circuit columns 

25 1256 illustrated in FIG. 12. As illustrated in FIGS. 12a-12c, there are two read buses 

1230a, 1230b per pixel column, which thereby separates the column into two sub-columns.  

Two supporting circuits (one support circuit per pixel sub-column read bus. In this 

configuration, there is an aspect ratio of the circuit column is 6/1, the aspect ratio of the 

pixel sub-colunm is also 6/1, and the aspect ratio of the whole pixel column is 12/1.  

30 FIG. 12a-12c also further illustrate the electrical connection between the pixel sub

column buses 1230a and 1230b of the pixel sub-columns 1287, 1288 and the circuit 

columns 1256 using one or more interconnects 1224 per sub-column connection. While 

the pixel sub-buses 1230a and 1230b and buses 1240a and 1240b may be electrically 

connected using one or more interconnects 1224, the figures illustrate that the 

35 interconnects 1224 may be located anywhere along the superimposed path of the pixel 
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sub-buses 1230a and 1230b and buses 1240 without departing from the spirit or scope of 

the disclosure.  

FIGS. 13 and 13a illustrate an alternative embodiment in which the pixel column 

has been divided into a plurality of sub-columns, each having their own bus. However, the 

5 sub-columns are illustrated as being connected by their individual buses to a single circuit 

column.  

Similar to FIGS. 12 - 12c, FIGS. 14 - 14c illustrate a pixel array 1450 being 

divided into a plurality of columns and sub-columns 1452. The size of the columns and 

sub-columns may, for example, be based on the size of the associated circuitry 1470 and 

10 circuit columns 1456. For example, the pixel sub-column 1452 may be one pixel in width 

and "N" number of pixels long (in FIGS. 14 - 14c, the pixel sub-columns are illustrated as 

being one pixel wide and six pixels long, whereas the entire column is illustrated as being 

one pixel wide and twelve pixels long) and the circuit columns 1456 are illustrated as 

having an aspect ratio of two pixels wide by three pixels long. It will be appreciated that 

15 the size or area of the circuit column 1456 may dictate or direct the size of the pixel sub

column 1452, since the pixel sub-colunm 1452 should have substantially the same area as 

the circuit column 1456. The pixel sub-colunm 1452 may be directly associated with 

circuit column 1456 through an electrical connection between an interconnect 1424 that 

electrically connects the pixel read bus 1430 to the circuit read bus 1440. The figures 

20 show an example of a connection between each pixel sub-column 1452 to its associated 

circuitry 1470 in a circuit column 1456 through read buses 1430 and 1440.  

The figures also show one read bus 1430 per pixel sub-column 1452 and one read 

bus 1440 per circuit column 1456. In this embodiment, the associated circuitry 1470 in a 

circuit column 1456 is two pixels wide and three pixels long, but it will be appreciated that 

25 any circuit column aspect ratio may be utilized by the disclosure. As can be seen in FIGS.  

14-14c, the columns have all been divided into two sub-columns 1487, 1488.  

Accordingly, pixel column read bus 1430 may be manufactured into corresponding pixel 

sub-column read buses 1430a and 1430b. Each pixel sub-column 1487, 1488 may be 

connected to a pixel column bus 1430a or 1430b first and then to supporting circuitry 1470 

30 and circuit column 1456, or each sub-colunm 1487, 1488 may connect directly to the 

circuitry 1470 and circuit column 1456 through their own interconnect 1424a and 1424b, 

respectively, to an associated circuit bus 1440a and 1440b.  

As noted herein above, each pixel sub-column 1452 may be electrically associated 

or connected to one pixel sub-colunm bus 1430, and each circuit column 1456 may be 

35 electrically associated or connected to one circuit column bus 1440. FIGS. 14a-14c 
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illustrate a perspective view, a front view and a side view, respectively, of a single pixel 

column 1452 divided into sub-columns 1487, 1488 and two associated circuit columns 

1456 separated from the plurality of pixel columns 1452 and plurality of circuit columns 

1456 illustrated in FIG. 14. As illustrated in FIGS. 14a-14c, there are two read buses 

5 present for the entire pixel column. However, as illustrated the presence of the two read 

buses 1430a, 1430b are illustrated as being separate and distinct buses that are not 

electrically connected to each other, such that there is a separation or divider (as discussed 

above in relation to FIG. 11) that separates the column into two sub-columns.  

Accordingly, there may also be two supporting circuits and circuit column read buses (one 

10 support circuit and circuit column bus per pixel sub-column read bus). In this 

configuration, there is an aspect ratio of the circuit column is 3/2, the aspect ratio of the 

pixel sub-colunm is also 6/1, and the aspect ratio of the whole pixel column is 12/1.  

FIG. 14a-14c further illustrate the electrical connection between the pixel sub

column buses 1430a and 1430b of the pixel sub-columns 1487, 1488 and the circuit 

15 columns 1456 using one or more interconnects 1424 per sub-column connection. While 

the pixel sub-buses 1430a and 1430b and circuit column buses 1440a and 1440b may be 

electrically connected using one or more interconnects 1424, the figures illustrate that the 

interconnects 1424 may be located anywhere along the superimposed path of the pixel 

sub-buses 1430a and 1430b and circuit column buses 1440 without departing from the 

20 spirit or scope of the disclosure.  

FIGS. 14 - 14c also illustrate how differing aspect ratios between the substrates 

can allow for flexibility in bus contact points. In the embodiment, the column circuit bus 

1440 has been designed with a general Au@ shape that so as to occupy the area of the 

circuit column 1456 more evenly, thereby providing options for connecting the 

25 interconnect 1424 throughout the entire circuit column 1456. Note that the pixel column 

bus 1430 is not generally u-shaped, but the circuit column bus 1440 may be generally u

shaped, so that the same column circuit 1456 may be used with the two adjacent, but 

different pixel column configurations. The first leg of the u-shaped circuit column buses 

1440a and 1440b may be superimposed to the read buses 1430a and 1430b of the pixel 

30 sub-columns 1487 and 1488 (as illustrated in FIG. 14a). The second leg of the u-shaped 

circuit column bus 1442 that is located between circuit column buses 1440a and 1440b 

may be superimposed to the read bus 1430 of the next, adjacent pixel column 1452 (as 

illustrated best in FIG. 14). FIGS. 14a-14c illustrate a single set of pixel sub-columns 

1487 and 1488 taken from the pixel array 1450 of FIG. 14. It should be noted that because 

35 the aspect ratio of the circuit column 1456 is illustrated as being two pixels wide by three 
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pixels long, which is one half the length of the corresponding pixel sub-columns 1487 and 

1488, the interconnect 1424 location options are only available for a portion of the pixel 

sub-column length.  

FIG. 14b illustrates that for a complex bus shape there may be two interconnect 

5 location path options along buses 1440a and 1440b in a circuit column 1456 having twice 

the width of the pixel sub-column 1487 and 1488 it supports. FIG. 14b illustrates a front 

view of the superimposition of the first leg of the u-shaped circuit column bus 1440b to the 

read bus 1430b of the pixel sub-column 1488 and uses the outer most portion of the bus 

1440b for locating the interconnect 1424 as opposed to the innermost portion of the bus 

10 1440b as illustrated in FIGS. 14 and 14a for locating the interconnect 1424 to the next, 

adjacent pixel column 1452.  

FIG. 14 illustrates the next pixel sub-column 1452 located to the left of and relative 

to the pixel sub-columns 1487 and 1488 illustrated in FIGS. 14a-14c. The bus 1430 of the 

next pixel sub-colunm 1452 illustrated in FIG. 14 may be electrically connected to a 

15 different circuit bus 1442 that may be located between circuit bus 1440a and 1440b as 

illustrated. It should be noted that because the footprint of the circuit column 1456 has an 

aspect ratio of 2 pixels wide by 3 pixels long, the superimposition of the pixel sub-column 

bus 1430 to the circuit column bus 1442 requires the second leg of the circuit column bus 

1442 to be generally u-shaped to thereby allow a natural match or superimposition of the 

20 bus 1442 with respect to the next pixel sub-colunm 1452 and its corresponding bus (with 

respect to the sub-column 1487) illustrated in FIG. 14.  

FIG. 15 illustrates an embodiment and configuration of a pixel array 1810 having 

staggered interconnect or bump 1824 positioning and sub-columns on a substrate/chip. As 

noted above, because there is one read bus per pixel column 1828 (or sub-column) and one 

25 read bus per circuit column, and because the read buses run from the top of the column to 

the bottom of the column, and because the pixel columns may be divided into sub-columns 

each having their own pixel column bus, the interconnect/bump 1824 may be placed 

anywhere along the superimposed path of the sub-column bus and the circuit column bus.  

In the figure, a divider 1866, which may be a physical space or gap or some other device 

30 for electrically isolating the pixel sub-colunm and/or sub-colunm bus from another sub

column and/or sub-column bus, divides the pixel column bus into pixel sub-column buses.  

As can be seen in FIG. 15, a first sub-column 1828a of pixels 1826 may be 

electrically connected to its corresponding circuit column 1856 via a first interconnect 

1824a that is connected to the buses 1830 and 1840, and a second sub-colunm 1828b by a 

35 second interconnect 1824b in a similar manner. In the embodiment, the second pixel 
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column may be electrically accessed through a second set of sub column interconnects, 

which has been positioned during manufacture in a sub-column configuration relative to 

said first column interconnects. As illustrated, the location or position of the second 

interconnect may be two pixel widths away from the position of the first interconnect in 

5 both the X and Y dimensions or directions. A third set of interconnects may then be 

positioned in like manner in a third pixel column and so on for N-number of interconnect 

sets across the pixel array 1810.  

FIG. 16 illustrates a pixel array that is configured into such that each column is 

divided into two sub-columns and then staggered. The area available for locating support 

10 circuits for a first pixel column 1881 correlates to the pixel sub-colunm configuration as 

described above. As discussed further above, the support circuit area directly correlates to 

the area of a pixel column to which it corresponds. In FIG. 16 the area available for 

support circuit placement may be equal to one pixel unit wide by sixty-four pixel units 

long, which is shown as the heavier vertical lines in the figure. Additionally, each circuit 

15 column may correlate to one of the sub-columns or, in the alternative, the circuit column 

may also be in a manner that corresponds to the pixel column.  

It should be noted that the exemplary aspect ratio of the support circuit area in FIG.  

16 is illustrated as 1/64. There are many options to locate or place the interconnects for 

the sub-columns within that area and the ultimate location may then be chosen by the 

20 designer so as to allow the desired spacing from interconnect to interconnect.  

In FIG. 17 illustrates a schematically large image sensor showing the scalability of 

the principles and teaching of the disclosure. As can be seen in the figure, the area 

available for support circuit placement may be equal to four pixel units wide by sixteen 

pixel units long, which is shown as the heavier vertical lines in the figure. As illustrated 

25 there may be a plurality of interconnects 2516 and 2518 per pixel column denoting the 

pixel sub-columns so as to allow for more sub-colunm functionality for large array 

configurations. Therefore, the interconnect between the substrates must fall somewhere in 

the sub-column pixel unit areas in order to read the corresponding pixel column. It should 

be noted that the aspect ratio of the support circuit area in this example is 4/16, the sub 

30 column aspect ratio is 1/64 and the pixel column is 1/128. Therefore there are pixel sub

columns per pixel column. In this example, the frame read time (one rolling cycle) is half 

than that of what would be if this array would be not divided. There are two row 

addressing at the same time. The whole pixel array can be regarded as two independent, 

self consistent sub-arrays. Such in embodiment lends itself to support circuitry that directly 

35 corresponds to the pixel sub-columns. The choice of where to place the interconnect has 
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many options within that area and could be chosen so as to allow the desired spacing from 

interconnect to interconnect. As the figure illustrates, by repeating the methods of this 

disclosure even the latest imaging sensor technology can be used with these methods.  

In FIG. 18 illustrates a schematically large image sensor showing the scalability of 

5 the principles and teaching of the disclosure. The plurality of interconnects 2616, 2618 per 

column indicate that the pixel column has been divided into sub-columns. As can be seen 

in the figure, the area available for support circuit placement for the pixel sub-columns 

may be equal to two pixel units wide by thirty-two pixel units long, which is shown as the 

heavier vertical lines in the figure. Therefore, the interconnect between the substrates 

10 must fall somewhere in the sixty-four pixel unit area in order to read the corresponding 

pixel sub-columns. It should be noted that the aspect ratio of the support circuit area is 

2/32. The choice of where to place the interconnect has many options within that area and 

could be chosen so as to allow the desired spacing from interconnect to interconnect. As 

the figure illustrates, by repeating the methods of this disclosure even the latest imaging 

15 sensor technology can be used with these methods.  

It will be appreciated that the structures and apparatuses disclosed herein are 

merely exemplary for optimizing an imaging sensor, and it should be appreciated that any 

structure, apparatus or system for optimizing an image sensor, which performs functions 

the same as, or equivalent to, those disclosed herein are intended to fall within the scope of 

20 this disclosure, including those structures, apparatuses or systems for imaging, which are 

presently known, or which may become available in the future. Anything which functions 

the same as, or equivalently to, a means for optimizing an imaging sensor falls within the 

scope of this disclosure.  

Those having ordinary skill in the relevant art will appreciate the advantages 

25 provide by the features of the disclosure. For example, it is a potential feature of the 

disclosure to provide an optimized imaging sensor, which is simple in design and 

manufacture. Another potential feature of the disclosure is to provide such an imaging 

sensor with larger pixels relative to overall size.  

In the foregoing Detailed Description, various features of the disclosure are either 

30 grouped together in a single embodiment for the purpose of streamlining the disclosure or 

are discussed in different embodiments. This method of disclosure is not to be interpreted 

as reflecting an intention that the claimed disclosure requires more features than are 

expressly recited in each claim. Rather, as the following claims reflect, inventive aspects 

lie in less than all features of a single foregoing disclosed embodiment and various 

35 inventive features disclosed in separate embodiments may be combined to form its own 
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embodiment as claimed more fully below. Thus, the following claims are hereby 

incorporated into this Detailed Description by this reference, with each claim standing on 

its own as a separate embodiment of the disclosure.  

It is to be understood that the above-described arrangements are only illustrative of 

5 the application of the principles of the disclosure. Numerous modifications and alternative 

arrangements may be devised by those skilled in the art without departing from the spirit 

and scope of the disclosure and the appended claims are intended to cover such 

modifications and arrangements. Thus, while the disclosure has been shown in the 

drawings and described above with particularity and detail, it will be apparent to those of 

10 ordinary skill in the art that numerous modifications, including, but not limited to, 

variations in size, materials, shape, form, function and manner of operation, assembly and 

use may be made without departing from the principles and concepts set forth herein.  
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CLAIMS 

What is claimed is: 

1. An imaging sensor comprising: 

a plurality of substrates; 

5 a pixel array comprising pixels formed into pixel columns; 

wherein each of said pixel columns are divided into a plurality of pixel sub

columns, wherein each of the pixel sub-columns are configured to be read independently 

through a pixel sub-column bus; 

a plurality of supporting circuits each having a circuit bus; 

10 wherein a first substrate of the plurality of substrates comprises the pixel array; 

wherein the plurality of supporting circuits are disposed on a supporting substrate 

that is disposed remotely relative to said first substrate; 

wherein one of said plurality of supporting circuits is electrically connected to, and 

in electrical communication with, a corresponding sub-column of said pixel array; and 

15 wherein said electrical communication is provided by an interconnect disposed 

between said first substrate and said supporting substrate.  

2. The imaging sensor of claim 1, wherein each pixel sub-column bus and 

each circuit bus are superimposed, such that each pixel sub-column bus and each circuit 

bus are substantially aligned within a portion of the sub-column; and 

20 wherein at least one interconnect provides an electrical connection between each 

pixel sub-column bus and each circuit bus within the aligned portion of the sub-column.  

3. The imaging sensor of claim 2, wherein the electrical connection between 

one pixel sub-column and one circuit bus is accomplished by a single interconnect.  

4. The imaging sensor of claim 2, wherein the electrical connection between 

25 one pixel sub-column bus and one circuit bus is accomplished by a plurality of 

interconnects wherein each of the plurality of interconnects is disposed within the pixel 

sub-column.  

5. The imaging sensor of claim 1, wherein said imaging sensor is backside 

illuminated.  

30 6. The imaging sensor of claim 1, wherein the plurality of substrates further 

comprise a plurality of subsequent supporting substrates.  

7. The imaging sensor of claim 1, wherein each pixel sub-column is 

electronically isolated from other pixel sub-columns.  
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8. The imaging sensor of claim 1, wherein said pixel sub-columns are 

electrically connected to the same support circuits that are supporting the pixel column in 

which they reside.  

9. The imaging sensor of claim 1, wherein said supporting substrate comprises 

5 support circuits dedicated and corresponding to each pixel sub-column of the pixel array.  

10. The imaging sensor of claim 1, wherein said pixel sub-columns are 

electrically configured to be read at substantially the same time.  

11. A method of accessing data on an imaging sensor comprising: 

electronically connecting pixels in a pixel array located on a first substrate to 

10 support circuits on a second substrate; 

wherein said pixel array is organized into pixel columns; 

wherein each of said pixel columns are divided into a plurality of pixel sub

columns; 

reading the plurality of pixel sub-columns starting with a first pixel in each sub

15 column and sequentially reading pixel data from each of the pixels until the last pixel in 

the sub-colunm is read; 

transmitting said pixel data through interconnects to a plurality of corresponding 

supporting circuits located on the second substrate and comprising a plurality of 

circuit columns, 

20 wherein the data from one pixel sub-colunm is processed by one circuit column 

corresponding with said one pixel sub-column, 

processing said pixel data into an image.  

12. The method of accessing data on an imaging sensor of claim 11, further 

comprising reading pixel data from each pixel sub-column simultaneously.  

25 13. The method of accessing data on an imaging sensor of claim 11, further 

comprising transmitting said pixel data to a support circuit that corresponds to a plurality 

of pixel sub-columns from within the same pixel column.  

14. An imaging sensor comprising: 

a plurality of substrates comprising at least a first substrate and a second 

30 substrate; 

a pixel array located on the first substrate and comprising a plurality of 

pixel columns, wherein each of the plurality of pixel columns is defined as one pixel in 

width and a plurality of pixels in length enough to cover the dimension of the array; 
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wherein each of said pixel columns are divided into a plurality of pixel sub

columns such that each pixel sub-column is electrically isolated from other pixel sub

columns; 

a plurality of supporting circuits located on the second substrate and 

5 comprising a plurality of circuit columns, where one circuit column corresponds with one 

pixel sub-column, wherein each of the plurality of circuit columns is defined as having an 

area that corresponds with an area of a corresponding pixel sub-column; 

a plurality of buses, wherein there is one pixel sub-column bus per at least 

one pixel sub-column residing on the first substrate and one circuit colunm bus per circuit 

10 column residing on said second substrate; 

wherein at least a portion of each of the pixel sub-column buses is 

superimposed with at least a portion of each of the corresponding circuit column buses and 

at least one interconnect providing electrical communication between one pixel sub

column bus and one corresponding circuit column bus; and 

15 wherein said at least one interconnect is located anywhere between one pixel sub

column bus and one corresponding circuit column bus and are superimposed with respect 

to each other.  

15. The imaging sensor of claim 14, further comprising a plurality interconnects 

disposed between said substrates and wherein said plurality of interconnects are spaced 

20 relative to one another at a distance that is greater than a pixel pitch of said pixel array.  

16. The imaging sensor of claim 14, wherein the first substrate and second 

substrate are in alignment.  

17. The imaging sensor of claim 14, wherein an area of one of said pixel sub

columns on said first substrate is substantially equal to an area of one of said 

25 corresponding circuit columns on said second substrate.  

18. The imaging sensor of claim 14, wherein said second substrate is substantially 

the same size as said first substrate.  

19. The imaging sensor of claim 14, wherein an area of one of said pixel sub

columns on said first substrate is larger than an area of one of said corresponding circuit 

30 columns on said second substrate.  

20. The imaging sensor of claim 14, wherein an area of one of said pixel sub

columns on said first substrate is smaller than an area of one of said corresponding circuit 

columns on said second substrate.  

21. The imaging sensor of claim 14, wherein an aspect ratio of one of said pixel 

35 sub-columns is substantially similar to an aspect ratio of one of said circuit columns.  
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22. The imaging sensor of claim 14, wherein a plurality of interconnects connect a 

pixel sub-column bus to a corresponding circuit column bus.  

23. The imaging sensor of claim 14, wherein an aspect ratio of one of said pixel 

5 sub-columns is different than an aspect ratio of one of said circuit columns.  

24. The imaging sensor of claim 14, wherein the aspect ratio of at least one of said 

circuit columns is "N" pixels wide and 1/"M" pixels in length of the aspect ratio of one of 

said pixel sub-columns.  

25. The imaging sensor of claim 14, wherein the aspect ratio of at least one of said 

10 circuit columns is two times wider than and one-half the length of the aspect ratio of one 

of said pixel sub-columns.  

26. The imaging sensor of claim 14, wherein the aspect ratio of at least one of said 

circuit columns is four times wider than and one-fourth the length of the aspect ratio of 

one of said pixel sub-columns.  

15 27. The imaging sensor of claim 14, wherein the aspect ratio of at least one of said 

circuit columns is eight times wider than and one-eighth the length of the aspect ratio of 

one of said pixel sub-columns.  

28. The method of accessing data on an image sensor of claim 11, further 

comprising transmitting said pixel data from one of the plurality of sub-columns to a 

20 support circuit having a support circuit area that is the same as the pixel sub-column area.  
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