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(57) ABSTRACT 

An array of multicolor CMOS pixel sensors has a plurality of 
photosensors per pixel, each photosensor coupled to a single 
sense node through a select transistor having a select input, 
each pixel sensor including a reset transistor coupled to the 
sense node and having a reset input, an amplifier coupled to 
the sense node and a row-select transistor coupled to the 
amplifier. The select inputs and the reset inputs for pixel 
sensors in a pair of adjacent rows are coupled to select signal 
lines and reset signal lines associated with the pair of rows. 
The amplifier transistors in individual columns of each row 
are coupled to a column output line through a row-select 
transistor having a row-select input. The row-select inputs for 
pixel sensors in each row of the array are coupled to a row 
select line associated with the row. 
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MULTI-COLOR CMOS PIXEL SENSOR WITH 
SHARED ROW WIRING AND DUAL OUTPUT 

LINES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of co-pending U.S. 
patent application Ser. No. 12/101,879, filed Apr. 11, 2008, 
the entirety of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to multi-color CMOS 
pixel sensors. More particularly, the present invention relates 
to multi-color CMOS pixel sensors with shared row wiring 
and dual output lines. 
0004 2. The Prior Art 
0005 Multi-color CMOS pixel sensors are known in the 

art. Such pixel sensors are often configured with more than 
one photodiode per color. This type of pixel sensor has a 
unique challenge that the pixel needs lots of wires compared 
to a conventional CMOS pixel sensor because photodiodes 
are stacked increasing the number of photodiodes per unit 
area. The number of wires are a problem because as the pixel 
sizes shrink there is less room for a large number of signal 
routing through the pixel array. There also is a trend to using 
fewer layers of metal as the pixels get smaller to improve the 
optical stack between the microlens to the photodiodes. This 
problem is further complicated by the fact that certain wires 
need to move through the array in different directions and 
each metal layer is only useful for moving in one direction 
through the array unless the layer the wire is running on 
changes to other layers to avoid congestion. The output wires 
are usually considered column wires in the art and run in one 
direction through the array. The row enable and color enable 
lines have to run through the array perpendicular to the output 
lines and this is considered the row direction through the 
array. The row and color enable signals are usually different 
for each row of the sensor to enable proper sharing of the 
column output signal and the photocharge collection node. 
The reset signal also has to run in the row direction through 
the array to enable rolling shutter readout and reset and is also 
unique for each row of the sensor. 
0006. The power signals Vpix and SFD can usually run in 
either direction through the array since they global signals 
and the same for the complete array. These power signals are 
usually run in the column direction since only the column 
output signal runs in that direction. For pixel architectures 
that have multiple photodiodes sharing a common photo 
charge collection node, amplifier and row enable transistor, 
like those described here, there can be a lot more signals that 
need to be routed through the array in the row direction than 
in the column direction. 

BRIEF DESCRIPTION OF THE INVENTION 

0007. The present invention provides two different ways 
to reduce the number of required wires through the pixel 
array. The first adds another column output wire and reduces 
the number color enable, reset, and row enable signals. This 
embodiment adds another column wire and reduces the num 
ber of row signals from eight to four per row in the imple 
mentation described. The second embodiment also reduces 
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the number of color select signals required by half, but does 
not add another column output signal. 
0008 According to one aspect of the present invention, an 
array of multicolor CMOS pixel sensors has a plurality of 
photosensors per pixel, each photosensor coupled to a single 
sense node through a select transistor having a select input, 
each pixel sensor including a reset transistor coupled to the 
sense node and having a reset input, an amplifier coupled to 
the sense node and a row-select transistor coupled to the 
amplifier. The select inputs for pixel sensors in a pair of 
adjacent rows are coupled to select signal lines associated 
with the pair of rows. The amplifier transistors in individual 
columns of each row are coupled to a column output line 
through a row-select transistor having a row-select input. The 
row-select and reset inputs for pixel sensors in each row of the 
array are coupled to a row-select and reset lines associated 
with the row. 
0009. According to another aspect of the present inven 
tion, an array of CMOS pixel sensors, has a plurality of 
photosensors per pixel, each photosensor coupled to a sense 
node through a select transistor having a select input, each 
pixel sensor including a reset transistor coupled to the sense 
node and having a reset input, an amplifier coupled to the 
sense node and a row-select transistor coupled to the ampli 
fier. The select inputs for pixel sensors in a pair of adjacent 
rows are coupled to select signal lines associated with the pair 
of rows. The reset inputs for pixel sensors in the pair of 
adjacent rows are coupled to reset signal lines associated with 
the pair of rows. The amplifier transistors in individual col 
umns of pixel sensors in odd rows are coupled to a first 
column line through an odd row-select transistor having an 
odd row-select input and the amplifiers in the individual col 
umns of pixel sensors in even rows are coupled to a second 
column line through an even row-select transistor having an 
even row-select input. The odd and even row-select inputs for 
pixel sensors in the pair of adjacent rows are coupled to a 
row-select line associated with the pair of rows. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

0010 FIG. 1 is a schematic diagram of a portion of a 
column of multi-color CMOS pixel sensors according to one 
aspect of the present invention. 
0011 FIG. 2 is a timing diagram illustrating one method 
for operating the pixel senor of FIG. 1. 
0012 FIG. 3 is a schematic diagram of a portion of a 
column of multi-color CMOS pixel sensors according to 
another aspect of the present invention. 
0013 FIG. 4 is a timing diagram illustrating one method 
for operating the pixel senor of FIG. 3. 
0014 FIG. 5 is a top view of a portion of an illustrative 
semiconductor layout of a pixel sensor according to the prin 
ciples of the present invention showing active semiconductor 
regions and a polysilicon layer. 
0015 FIG. 6 is a top view of a portion of an illustrative 
semiconductor layout of a group of four pixel sensors accord 
ing to the principles of the present invention showing active 
semiconductor regions, a polysilicon layer, and a first metal 
interconnect layer. 
0016 FIG. 7 is a top view of a portion of an illustrative 
semiconductor layout of a group of four pixel sensors accord 
ing to the principles of the present invention showing active 
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semiconductor regions, a polysilicon layer, a first metal inter 
connect layer, and a second metal interconnect layer. 

DETAILED DESCRIPTION OF THE INVENTION 

0017 Persons of ordinary skill in the art will realize that 
the following description of the present invention is illustra 
tive only and not in any way limiting. Other embodiments of 
the invention will readily suggest themselves to Such skilled 
persons. 
0018 Referring first to FIG. 1, a schematic diagram shows 
a portion of an array 10 of multi-color CMOS pixel sensors 
according to the present invention comprising a part of a 
single column of the array containing four multi-color CMOS 
pixel sensors 12, 14, 16, and 18. Each pixel sensor includes 
six photodiodes identified in FIG. 1 at reference numerals 
12-1 through 12-6, 14-1 through 14-6, 16-1 through 16-6, and 
18-1 through 18-6. The anode of each photodiode is coupled 
to ground. 
0019. The cathode of each photodiode is separately 
coupled to a source/drain terminal of an n-channel select 
transistor to form a photocharge collection node. In pixel 
sensor 12, transistors 20-1 through 20-6 are the select tran 
sistors for photodiodes 12-1 through 12-6 respectively. In 
pixel sensor 14, transistors 22-1 through 22-6 are the select 
transistors for photodiodes 14-1 through 14-6 respectively. In 
pixel sensor 16, transistors 24-1 through 24-6 are the select 
transistors for photodiodes 16-1 through 16-6 respectively. In 
pixel sensor 18, transistors 26-1 through 26-6 are the select 
transistors for photodiodes 18-1 through 18-6 respectively. 
0020. As shown in FIG.1, the other source/drainterminals 
of select transistors 20-1 through 20-6 are coupled to the 
source of reset transistor 30 and the gate of source-follower 
transistor 32. The drain of reset transistor 30 is coupled to a 
reset potential V. The drain of source-follower transistor 32 
is coupled to a potential SFD. The source of source-follower 
transistor 32 is coupled to the drain of an output select tran 
sistor 34. The source of output select transistor 34 is coupled 
to a first output column line 36. The other source/drainter 
minals of select transistors 22-1 through 22-6 are coupled to 
the source of reset transistor 38 and the gate of source-fol 
lower transistor 40. The drain of reset transistor 38 is coupled 
to a reset potential V. The drain of source-follower transis 
tor 40 is coupled to a potential SFD. The source of source 
follower transistor 40 is coupled to the drain of an output 
select transistor 42. The source of output select transistor 42 
is coupled to a second output column line 44. The gates of 
reset transistors 30 and 38 are coupled together to a reset line 
46. The gates of output select transistors 34 and 42 are 
coupled together to a row-enable line 48. 
0021. Similarly, the other source/drain terminals of select 

transistors 24-1 through 24-6 are coupled to the source of 
reset transistor 50 and the gate of source-follower transistor 
52. The drain of reset transistor 50 is coupled to a reset 
potential V. The drain of source-follower transistor 52 is 
coupled to a potential SFD. The source of source-follower 
transistor 52 is coupled to the drain of an output select tran 
sistor 54. The source of output select transistor 54 is coupled 
to the first output column line 36. The other source/drain 
terminals of select transistors 26-1 through 26-6 are coupled 
to the source of reset transistor 56 and the gate of source 
follower transistor 58. The drain of reset transistor 56 is 
coupled to a reset potential V. The drain of source-follower 
transistor 58 is coupled to a potential SFD. The source of 
source-follower transistor 58 is coupled to the drain of an 
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output select transistor 60. The source of output select tran 
sistor 60 is coupled to the second output column line 44. The 
gates of reset transistors 50 and 56 are coupled together to a 
reset line 62. The gates of output select transistors 54 and 60 
are coupled together to a row-enable line 64. 
0022 Sets of four control lines run adjacent to each row in 
the array. As shown in FIG. 1, each set includes three color 
select lines and one control line. The first set shown in FIG. 1 
includes color-select lines 50, 52, and 54, and reset line 46. 
The second set shown in FIG. 1 includes color-select lines 72, 
74, and 76, and row-enable line 48. The third set shown in 
FIG. 1 includes color-select lines 78,80, and 82, and resetline 
62. The fourth set shown in FIG. 1 includes color-select lines 
84, 86, and 88, and row-enable line 64. 
0023 The gates of the n-channel select transistors are 
coupled to the color-select lines. The connections to the color 
select lines are arranged such that colors from adjacent pixels 
may be read out together. Color-select line 50 is coupled to the 
gates of select transistors 20-1 and 22-1. Color-select line 52 
is coupled to the gates of select transistors 20-2 and 22-2. 
Color-select line 54 is coupled to the gates of select transistors 
20-3 and 22-3. 

0024. In similar fashion, color-select line 72 is coupled to 
the gates of select transistors 20-4 and 22-4. Color-select line 
74 is coupled to the gates of select transistors 20-5 and 22-5. 
Color-select line 76 is coupled to the gates of select transistors 
20-6 and 22-6. Color-select line 78 is coupled to the gates of 
select transistors 24-1 and 26-1. Color-select line 80 is 
coupled to the gates of select transistors 24-2 and 26-2. Color 
select line 82 is coupled to the gates of select transistors 24-3 
and 26-3. Color-select line 84 is coupled to the gate of select 
transistor 24-4 and 26-4. Color-select line 86 is coupled to the 
gate of select transistor 24-5 and 26-5. Color-select line 88 is 
coupled to the gate of select transistor 24-6 and 26-6. 
0025 Row-enable lines 48 and 64 and reset lines 46 and 62 
are driven at different times. Referring now to FIG.2, a timing 
diagram illustrates one method for operating the pixel Senor 
of FIG. 1. To read out photodiodes 12-1 and 14-1 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the Color A signal 50 is asserted and deas 
serted which transfers the values on photodiodes 12-1 and 
14-1 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-1 and 14-1. The 
dark signal is subtracted from the light signal, in column 
circuits, well know in the art, to get the pixel output values. 
0026. To read out photodiodes 12-2 and 14-2 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the ColorB signal 52 is asserted and deas 
serted which transfers the values on photodiodes 12-2 and 
14-2 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-2 and 14-2. The 
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dark signal is subtracted from the light signal, in column 
circuits, well known in the art, to get the pixel output values. 
0027. To read out photodiodes 12-3 and 14-3 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the ColorC signal 54 is asserted and deas 
serted which transfers the values on photodiodes 12-3 and 
14-3 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-3 and 14-3. The 
dark signal is subtracted from the light signal, in column 
circuits, well known in the art, to get the pixel output values. 
0028. To read out photodiodes 12-4 and 14-4 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the ColorD signal 72 is asserted and deas 
serted which transfers the values on photodiodes 12-4 and 
14-4 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-4 and 14-4. The 
dark signal is subtracted from the light signal, in column 
circuits, well known in the art, to get the pixel output values. 
0029. To read out photodiodes 12-5 and 14-5 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the ColorE signal 74 is asserted and deas 
serted which transfers the values on photodiodes 12-5 and 
14-5 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-5 and 14-5. The 
dark signal is subtracted from the light signal, in column 
circuits, well known in the art, to get the pixel output values. 
0030 To read out photodiodes 12-6 and 14-6 which are 
read out at the same time, first the reset signal 46 is asserted to 
reset the sense nodes (gates of the source follower 32 and 40) 
to a known potential. After the reset signal 46 is deasserted 
then the RowEnsignal 48 is asserted. This provides the dark 
signal for a correlated double sample on output column lines 
36 and 44. Then the ColorF signal 76 is asserted and deas 
serted which transfers the values on photodiodes 12-6 and 
14-6 onto the sense node for pixel 12 and pixel 14 respec 
tively. These two values are then enabled onto the column 
output lines 36 and 44 by asserting RowEn 48. This then 
provides the light signal for photodiodes 12-6 and 14-6. The 
dark signal is subtracted from the light signal, in column 
circuits, well known in the art, to get the pixel output values. 
0031 Referring now to FIG.3, a schematic diagram shows 
a portion of an array 100 of multi-color CMOS pixel sensors 
according to another aspect of the present invention compris 
ing a part of a single column of the array containing four 
multi-color CMOS pixel sensors 102, 104, 106, and 108. 
Each pixel sensor includes six photodiodes identified in FIG. 
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3 at reference numerals 110-1 through 110-6, 112-1 through 
112-6, 114-1 through 114-6, and 116-1 through 116-6. The 
anode of each photodiode is coupled to ground. 
0032. The cathode of each photodiode is separately 
coupled to a source/drain terminal of an n-channel select 
transistor to form a photocharge collection node. In pixel 
sensor 102, transistors 118-1 through 118-6 are the select 
transistors for photodiodes 110-1 through 110-6 respectively. 
In pixel sensor 104, transistors 120-1 through 120-6 are the 
select transistors for photodiodes 112-1 through 112-6 
respectively. In pixel sensor 106, transistors 122-1 through 
122-6 are the select transistors for photodiodes 114-1 through 
114-6 respectively. In pixel sensor 108, transistors 124-1 
through 124-6 are the select transistors for photodiodes 116-1 
through 116-6 respectively. 
0033. The output structure of the pixel sensors of FIG.3 is 
different from the output structure of the pixel sensors of FIG. 
1. In the embodiment shown in FIG. 3, an output structure 
employing a single column output line is employed as will 
now be described. 

0034. The other source/drain terminals of select transis 
tors 118-1 through 118-6 are coupled to the source of reset 
transistor 126 and the gate of source-follower transistor 128. 
The drain of reset transistor 126 is coupled to a reset potential 
V. The drain of source-follower transistor 128 is also 
coupled to the potential V. The source of source-follower 
transistor 128 is coupled to the drain of an output-select 
transistor 130. The source of output-select transistor 130 is 
coupled to an output column line 132. The gate of reset 
transistor 126 is coupled to a reset line 134. The gate of 
output-select transistor 130 is coupled to a row-enable line 
136. 

0035. The other source/drain terminals of select transis 
tors 120-1 through 120-6 are coupled to the source of reset 
transistor 138 and the gate of source-follower transistor 140. 
The drain of reset transistor 138 is coupled to a reset potential 
V. The drain of source-follower transistor 140 is also 
coupled to the potential V. The source of source-follower 
transistor 140 is coupled to the drain of an output-select 
transistor 142. The source of output-select transistor 142 is 
coupled to the output column line 132. The gate of reset 
transistor 138 is coupled to a reset line 144. The gate of 
output-select transistor 142 is coupled to a row-enable line 
146. 

0036. The other source/drain terminals of select transis 
tors 122-1 through 122-6 are coupled to the source of reset 
transistor 148 and the gate of source-follower transistor 150. 
The drain of reset transistor 148 is coupled to a reset potential 
V. The drain of source-follower transistor 150 is also 
coupled to the potential V. The source of source-follower 
transistor 150 is coupled to the drain of an output-select 
transistor 152. The source of output-select transistor 152 is 
coupled to the output column line 132. The gate of reset 
transistor 148 is coupled to a reset line 154. The gate of 
output-select transistor 152 is coupled to a row-enable line 
156. 

0037. The other source/drain terminals of select transis 
tors 124-1 through 124-6 are coupled to the source of reset 
transistor 158 and the gate of source-follower transistor 160. 
The drain of reset transistor 158 is coupled to a reset potential 
V. The drain of source-follower transistor 160 is also 
coupled to the potential V. The source of source-follower 
transistor 160 is coupled to the drain of an output-select 
transistor 162. The source of output-select transistor 162 is 
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coupled to the output column line 132. The gate of reset 
transistor 158 is coupled to a reset line 164. The gate of 
output-select transistor 162 is coupled to a row-enable line 
166. 

0038. Three color-select lines are disposed adjacent to 
each row of pixel sensors in the array depicted in FIG.3. Thus, 
color-select line 166 drives the gates of select transistors 
118-2 and 120-2. Color-select line 168 drives the gates of 
select transistors 118-1 and 120-1. Color-select line 170 
drives the gates of select transistors 118-6 and 120-6. Color 
select line 172 drives the gates of select transistors 120-4 and 
122-4. Color-select line 174 drives the gates of select transis 
tors 120-3 and 122-3. Color-select line 176 drives the gates of 
Select transistors 120-5 and 122-5. Color-select line 178 
drives the gates of select transistors 122-2 and 124-2. Color 
select line 180 drives the gates of select transistors 122-1 and 
124-1. Color-select line 182 drives the gates of select transis 
tors 122-6 and 124-6. Color-select line 184 drives the gate of 
select transistor 124-4 as well as the gate of a select transistor 
in the pixel sensor that is located below pixel sensor 108 and 
not shown in FIG. 3. Color-select line 186 drives the gate of 
select transistor 124-3 as well as the gate of a select transistor 
in the pixel sensor that is located below pixel sensor 108 and 
not shown in FIG. 3. Color-select line 188 drives the gate of 
select transistor 124-5 as well as the gate of a select transistor 
in the pixel sensor that is located below pixel sensor 108 and 
not shown in FIG. 3. Finally, color-select line 190, at the top 
of FIG. 3, drives the gate of select transistor 118-5 as well as 
the gate of a select transistor in the pixel sensor that is located 
above pixel sensor 102 and not shown in FIG. 3. 
0039 FIG. 4 is a timing diagram illustrating one method 
for operating the pixel senor of FIG. 3. The first, sixth, elev 
enth and sixteenth traces represent the signals on the reset 
lines 134, 144, 154, and 164 respectively. The third through 
fifth traces represent the signals on the sets of three color 
select lines 166, 168 and 170 respectively. The eighth through 
tenth traces represent the signals on the sets of three color 
select lines 172, 174 and 176 respectively. The thirteenth 
through fifteenth traces represent the signals on the sets of 
three color-select lines 178, 180 and 182 respectively. The 
second, seventh, twelfth, and seventeenth traces, respectively, 
represent the signals on the row-enable lines 136, 146, 156, 
and 166. The dashed line facilitates understanding the 
sequence of the signals depicted in FIG. 4. 
0040. Referring now to FIG. 5, atop view of a portion of an 
illustrative semiconductor layout of a pixel sensor 200 
according to the principles of the present invention is shown. 
The layout depicted is for the pixel sensor shown in the 
schematic diagram of FIG.3. The view of FIG. 5 shows active 
semiconductor regions and a polysilicon layer. 
0041. Pixel sensor 200 includes a first active region 202 
and a second active region 204. First active region 202 
includes a first blue detector (BLUE1) 206 and a second blue 
detector (BLUE2) 208. Second active region 204 includes a 
third blue detector (BLUE3) 210 and a second blue detector 
(BLUE4) 212. 
0042. A first polysilicon gate 214 overlies the lower por 
tions of active region 202 and active region 204 to define 
color-select transistors for the first blue detector 206 and the 
third blue detector 210. A second polysilicon gate 216 over 
lies the upper portions of active region 202 and active region 
204 to define color-select transistors for the second blue 
detector 208 and the fourth blue detector 212. A contact 218 
makes contact first active region 202 in the source/drain 
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region that is common to the color-select transistors for the 
first and second blue detectors 206 and 208. A contact region 
220 makes contact with second active region 204 in the 
Source/drain region that is common to the color-select tran 
sistors for the third and fourth blue detectors 210 and 212. A 
contact 222 makes contact with the first polysilicon gate 214 
and a contact 224 makes contact with the second polysilicon 
gate 216. 
0043. An active region 226 is a contiguous extension of 

first active region 202. Polysilicon gate region 228 overlying 
active region 226 forms a gate for a reset transistor and 
includes gate contact 230. Polysilicon region 232 overlying 
active region 226 forms a gate for a source-follower transistor 
and includes gate contact 234. Polysilicon region 236 over 
lying active region 226 forms a gate for a row-select readout 
transistor and includes gate contact 238. Contact 240 makes 
contact to the output source/drain region of the row-select 
readout transistor. Contact 242 makes contact to the power 
supply potential V. 
0044 Active region 244 is coupled to the buried green and 
red detectors. In the pixel sensor 200, the green detector is 
coupled to region 246 and the red region is coupled to region 
248. Polysilicon gate region 250 overlies active region 244 to 
define the green color-select transistor and an extension 252 
of polysilicon gate region 250 couples this gate to the gate of 
a color-select transistorin an adjacent pixel sensor to the right 
of pixel sensor 200. Polysilicon gate region 254 overlies 
active region 244 to define the red color-select transistor and 
an extension 256 of polysilicon gate region 254 couples this 
gate to the gate of a color-select transistorin an adjacent pixel 
sensor to the right of pixel sensor 200. Contact 258 makes 
contact with the common source/drain regions of the green 
and red color-select transistors. 
0045 Referring now to FIG. 6, aspects of the wiring of 
pixel sensors in an array according to the present invention is 
shown. FIG. 6 is a top view of a portion of an illustrative 
semiconductor layout of a group of four pixel sensors 200a, 
200b, 200c, and 200d according to the principles of the 
present invention showing active semiconductor regions, a 
polysilicon layer, and a first metal interconnect layer. Persons 
of ordinary skill in the art will recognize that the four pixel 
sensors 200a, 200b, 200c, and 200d are identical to pixel 
sensor 200 shown in FIG. 5 and are shown in dashed lines of 
Smaller line width than are the segments of interconnect metal 
shown in solid lines in FIG. 6. Other elements from FIG. 5 
that are also shown in FIGS. 6 and 7 are identified by the 
reference numerals used in FIG. 5 followed by the appropri 
ate one of the suffixes “a,” “b.” “c”, or “d.” depending on 
which one of the four pixel sensors 200a, 200b, 200c, and 
200d the element is associated. 
0046 Referring to both FIGS. 5 and 6, a reset metal line 
260 is coupled to the gate 228 of the reset transistors in pixel 
sensors 200a and 200c through contact 230 in each of those 
pixel sensors. Another reset metal line 262 is coupled to the 
gate 228 of the reset transistors in pixel sensors 200b and 
200d through contact 230 in each of those pixel sensors. 
0047. A row-select metal line 264 is coupled to the gate 
236 of the row-select transistors in pixel sensors 200a and 
200c through contact 238 in each of those pixel sensors. 
Another row-select metal line 266 is coupled to the gate 236 
of the row-select transistors in pixel sensors 200b and 200d 
through contact 238 in each of those pixel sensors. 
0048. A red/green (R/G) color-select line 268 is coupled to 
the gates of the red color-select transistors in pixel sensors 
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200a and 200c and to the gates of the green color-select 
transistors in pixel sensors 200band 200d. Another red/green 
(R/G) color-select line 270 is coupled to the gates of the red 
color-select transistors in pixel sensors 200b and 200d and to 
the gates of the green color-select transistors in pixel sensors 
located past the right edge of FIG. 6. Similarly, the gates of the 
green color-select transistors in pixel sensors in pixel sensors 
200a and 200c are driven by a red/green (R/G) color-select 
line located past the left edge of FIG. 6 that also drives gates 
of the red color-select transistors in pixel sensors located past 
the left edge of FIG. 6. 
0049. A Blue1 (B1) and Blues (B3) color-select line 272 is 
coupled to the polysilicon region 214 that forms the gates of 
the blue-select transistors for the pixel sensors B1 and B3 in 
pixel sensors 200a and 200c. Another Blue1 (B1) and Blue 
(B3) color-select line 274 is coupled to the polysilicon region 
214 that forms the gates of the blue-select transistors for the 
pixel sensors B1 and B3 in pixel sensors 200b and 200d. 
0050 A Blue2 (B2) and Blue4 (B4) color-select line 276 is 
coupled to the polysilicon region 216 that forms the gates of 
the blue-select transistors for the pixel sensors B2 and B4 in 
pixel sensors 200a and 200c. Another Blue2 (B2) and Blue4 
(B4) color-select line 278 is coupled to the polysilicon region 
216 that forms the gates of the blue-select transistors for the 
pixel sensors B2 and B4 in pixel sensors 200b and 200d. 
0051. Other metal interconnect segments that are shown in 
FIG. 6 are used to make connections to metal segments in the 
second metal interconnect layer that are shown in FIG. 7. 
These segments will be discussed with reference to FIG. 7. 
0052 FIG. 7 is a top view of a portion of an illustrative 
semiconductor layout of a group of four pixel sensors accord 
ing to the principles of the present invention showing active 
semiconductor regions, a polysilicon layer, a first metal inter 
connect layer, and a second metal interconnect layer. As in 
FIG. 6, the four pixel sensors 200a, 200b, 200c, and 200d are 
identical to pixel sensor 200 of FIG. 5 and are shown in 
dashed lines of smaller line width. In addition, the metal 
interconnect segments of FIG. 5 are also shown in FIG. 6 as 
solid lines but are drawn with lines of smaller width than are 
the segments of the second interconnect metal shown in 
heavier Solid lines in FIG. 7. 
0053 Referring to FIGS. 5, 6, and 7, an output line 280 in 
the second metal interconnect layer is connected to metal 
interconnect line segment 282 in the first metal interconnect 
layer through intermetal via 284. Metal interconnect line 
segment 282 is connected to the output node of the row-select 
transistor of pixel sensor 200a through its contact 240. Output 
line 280 is also connected to metal interconnect line segment 
286 in the first metal interconnect layer through intermetal via 
288. Metal interconnect line segment 286 is connected to the 
output node of the row-select transistor of pixel sensor 200b 
through its contact 240. Similarly, another output line 290 in 
the second metal interconnect layer is connected to metal 
interconnect line segment 292 in the first metal interconnect 
layer through intermetal via 294. Metal interconnect line 
segment 292 is connected to the output node of the row-select 
transistor of pixel sensor 200c through its contact 240. Output 
line 290 is also connected to metal interconnect line segment 
296 in the first metal interconnect layer through intermetal via 
298. Metal interconnect line segment 296 is connected to the 
output node of the row-select transistor of pixel sensor 200d 
through its contact 240. 
10054 AV power line 300 in the second metal intercon 
nect layer is connected to metal interconnect line segment 302 
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in the first metal interconnect layer through intermetal via 
304. Metal interconnect line segment 302 is connected to the 
V node in pixel sensor 200a through its contact 242a. V. 
power line 300 in the second metal interconnect layer is also 
connected to metal interconnect line segment 306 in the first 
metal interconnect layer through intermetal via 308. Metal 
interconnect line segment 306 is connected to the V node in 
pixel sensor 200b through its contact 242b. 
0055 Another V power line 310 in the second metal 
interconnect layer is connected to metal interconnect line 
segment 312 in the first metal interconnect layer through 
intermetal via 316. Metal interconnect line segment 316 is 
connected to the V node in pixel sensor 200c through its 
contact 242c. V. power line 310 in the second metal inter 
connect layer is also connected to metal interconnect line 
segment 318 in the first metal interconnect layer through 
intermetal via 320. Metal interconnect line segment 318 is 
connected to the V node in pixel sensor 200d through its 
contact 242d. 

0056. A color-transfer connect metal line 322 in the sec 
ond metal interconnect layer is connected to metal intercon 
nect line 324 in the first metal interconnect layer through 
intermetal via 326. Metal interconnect line 324 in the first 
metal interconnect layer is connected to the common source? 
drain portion of active region 244 in pixel sensor 200a 
through its contact 258 to pick up the red and green detector 
outputs. Color-transfer connect metal line 322 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 328 in the first metal interconnect layer through 
intermetal via 330. Metal interconnect line 328 is connected 
to the common source/drain portion of the active region 202 
in pixel sensor 200a to couple the B1 and B2 blue color 
signals through its contact 218. Color-transfer connect metal 
line 322 in the second metal interconnect layer is also con 
nected to metal interconnect line 332 through intermetal via 
334. Metal interconnect line 332 is coupled to the gate of the 
source-follower transistor in pixel sensor 200a through its 
contact 234. Color-transfer metal line 322 is also connected 
through an intermetal via to a metal interconnect line that 
makes contact to the B3 and B4 blue color signals in a pixel 
sensor that is located next to pixel sensor 200a past the left 
edge of FIG. 7. 
0057 Another color-transfer connect metal line 336 in the 
second metal interconnect layer is connected to metal inter 
connect line 338 in the first metal interconnect layer through 
intermetal via 340. Metal interconnect line 338 in the first 
metal interconnect layer is connected to the common source? 
drain portion of active region 244 in pixel sensor 200c 
through its contact 258 to pick up the red and green detector 
outputs. Color-transfer connect metal line 336 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 342 in the first metal interconnect layer through 
intermetal via 344. Metal interconnect line 342 is connected 
to the common source/drain portion of the active region 202 
in pixel sensor 200c to couple the B1 and B2 blue color 
signals through its contact 218. Color-transfer connect metal 
line 336 in the second metal interconnect layer is also con 
nected to metal interconnect line 346 through intermetal via 
348. Metal interconnect line 346 is coupled to the gate of the 
source-follower transistor in pixel sensor 200c through its 
contact 234. 

0058 Another color-transfer connect metal line 350 in the 
second metal interconnect layer is connected to metal inter 
connect line 352 in the first metal interconnect layer through 
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intermetal via 354. Metal interconnect line 352 in the first 
metal interconnect layer is connected to the common source? 
drain portion of active region 244 in pixel sensor 200b 
through its contact 258 to pick up the red and green detector 
outputs. Color-transfer connect metal line 350 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 356 in the first metal interconnect layer through 
intermetal via 358. Metal interconnect line 356 is connected 
to the common source/drain portion of the active region 202 
in pixel sensor 200b to couple the B1 and B2 blue color 
signals of pixel sensor 200b through its contact 218. 
0059 Color-transfer connect metal line 350 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 360 in the first metal interconnect layer through 
intermetal via 362. Metal interconnect line 360 is connected 
to the common Source/drain portion of the active region 204 
in pixel sensor 200a to couple the B3 and B4 blue color 
signals of pixel sensor 200a through its contact 220. Color 
transfer connect metal line 350 in the second metal intercon 
nect layer is also connected to metal interconnect line 364 
through intermetal via 366. Metal interconnect line 364 is 
coupled to the gate of the source-follower transistor in pixel 
sensor 200b through its contact 234. 
0060 Another color-transfer connect metal line 368 in the 
second metal interconnect layer is connected to metal inter 
connect line 370 in the first metal interconnect layer through 
intermetal via 372. Metal interconnect line 370 in the first 
metal interconnect layer is connected to the common source/ 
drain portion of active region 244 in pixel sensor 200d 
through its contact 258 to pick up the red and green detector 
outputs. Color-transfer connect metal line 368 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 374 in the first metal interconnect layer through 
intermetal via 376. Metal interconnect line 374 is connected 
to the common source/drain portion of the active region 202 
in pixel sensor 200d to couple the B1 and B2 blue color 
signals of pixel sensor 200d through its contact 218. 
0061 Color-transfer connect metal line 368 in the second 
metal interconnect layer is also connected to metal intercon 
nect line 378 in the first metal interconnect layer through 
intermetal via 380. Metal interconnect line 378 is connected 
to the common Source/drain portion of the active region 204 
in pixel sensor 200c to couple the B3 and B4 blue color 
signals of pixel sensor 200c through its contact 220. Color 
transfer connect metal line 368 in the second metal intercon 
nect layer is also connected to metal interconnect line 382 
through intermetal via 384. Metal interconnect line 382 is 
coupled to the gate of the source-follower transistor in pixel 
sensor 200d through its contact 234. 
0062. As will be appreciated by persons of ordinary skill 
in the art, the wiring scheme for the pixel sensor array, a 
portion of which is depicted in FIGS. 3, 6 and 7, reads out 
image information from portions of more than one pixel and 
by doing so, decreases the number of interconnect metal lines 
that must be employed for this purpose. 
0063. While embodiments and applications of this inven 
tion have been shown and described, it would be apparent to 
those skilled in the art that many more modifications than 
mentioned above are possible without departing from the 
inventive concepts herein. For example, the illustrative 
embodiments shown for stacked pixel architectures, but they 
can also be used for pixel architectures that share the photo 
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charge collection node for multiple photosensors. The inven 
tion, therefore, is not to be restricted except in the spirit of the 
appended claims. 

What is claimed is: 
1. An array of CMOS pixel sensors, each pixel sensor 

associated with a row and a column of the array and having a 
plurality of photosensors per pixel location, each photosensor 
coupled to a sense node through a select transistor having a 
select input, each pixel sensor including a reset transistor 
coupled to the sense node and having a reset input, an ampli 
fier coupled to the sense node and a row-select transistor 
coupled to the amplifier, wherein: 

the select inputs for pixel sensors in a pair of adjacent rows 
are coupled to select signal lines associated with the pair 
of rows; 

the reset inputs for pixel sensors in the pair of adjacent rows 
are coupled to reset signal lines associated with the pair 
of rows; 

the amplifier transistors in individual columns of pixel 
sensors in odd rows are coupled to a first column line 
through an odd row-select transistor having an odd row 
Select input and the amplifiers in the individual columns 
of pixel sensors in even rows are coupled to a second 
column line through an even row-select transistor hav 
ing an even row-select input; and 

the odd and even row-select inputs for pixel sensors in the 
pair of adjacent rows are coupled to a row-select line 
associated with the pair of rows. 

2. The array of claim 1 wherein the color-select signal 
lines, the reset signal lines and the row-select lines run in the 
row direction of the array and the column output lines run in 
the column direction of the array. 

3. The array of claim 2 wherein the amplifier in each pixel 
sensor is a source-follower transistor having its drain coupled 
to a source-follower drain potential node, the source-follower 
drain potential node for each pixel sensor in the array coupled 
to a source-follower drain potential line associated with a 
column and running in the column direction of the array. 

4. The array of claim 2 wherein the amplifier in each pixel 
sensor is a source-follower transistor having its drain coupled 
to a source-follower drain potential node, the source-follower 
drain potential node for each pixel sensor in a row in the array 
and is coupled to a source-follower drain potential line asso 
ciated with that row and running in the row direction of the 
array. 

5. An array of CMOS pixel sensors, each pixel sensor 
associated with a row and a column of the array and having a 
plurality of photosensors per pixel location, each photosensor 
coupled to a single sense node through a select transistor 
having a select input, each pixel sensor including a reset 
transistor coupled to the sense node and having a reset input, 
an amplifier transistor coupled to the sense node and a row 
select transistor coupled to the amplifier, wherein: 

the select inputs for a first group of pixel sensors in a row in 
of the array and a corresponding group of pixel sensors 
a row n+1 of the array are coupled to select signal lines 
associated with rows in and n+1 of the array; 

the select inputs for a second group of pixel sensors in a row 
n of the array and a corresponding group of pixel sensors 
a row n-1 of the array are coupled to select signal lines 
associated with rows in and n-1 of the array; 

the reset inputs for pixel sensors in each row is coupled to 
reset signal lines associated with that row: 
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the amplifier transistors in individual columns of each row 
are coupled to a column output line through a row-select 
transistor having a row-select input; and 

the row-select inputs for pixel sensors in each row of the 
array are coupled to a row-select line associated with the 
OW. 

6. The array of claim 5 wherein: 
the first group of pixel sensors in row n of the array and the 

corresponding group of pixel sensors row n+1 of the 
array includes at least one blue pixel sensor and a green 
pixel sensor, and 

the second group of pixel sensors in row n of the array and 
the corresponding group of pixel sensors row n-1 of the 
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array includes at least one blue pixel sensor and a red 
pixel sensor. 

7. The array of claim 5 wherein: 
the first group of pixel sensors in row n of the array and the 

corresponding group of pixel sensors row n+1 of the 
array includes first and second blue pixel sensors and a 
green pixel sensor, and 

the second group of pixel sensors in row n of the array and 
the corresponding group of pixel sensors row n-1 of the 
array includes third and fourth blue pixel sensors and a 
red pixel sensor. 


