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(57) ABSTRACT 

An imaging sensor With an array of PET pixels and method 
of forming the imaging sensor. Each pixel is a semiconduc 
tor island, e. g., N-type silicon on a Silicon on insulator (SOI) 
Wafer. FETs are formed in one photodiode electrode, e.g., a 
P-Well cathode. A color ?lter may be attached to an opposite 
surface of island. Aprotective layer (e.g., glass or quartz) or 
WindoW is ?xed to the pixel array at the color ?lters. The 
image sensor may be illuminated from the backside With cell 
Wiring above the cell. So, an optical signal passes through 
the protective layer is ?ltered by the color ?lters and 
selectively sensed by a corresponding photo-sensor. 
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PHOTO-SENSOR AND PIXEL ARRAY WITH 
BACKSIDE ILLUMINATION AND METHOD OF 

FORMING THE PHOTO-SENSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to pixel 
sensors and more particularly to CMOS image sensors. 

[0003] 2. Background Description 

[0004] Digital cameras have largely replaced ?lm based 
analog cameras, at least for amateur photography. A typical 
digital camera image sensor is an array of picture cells 
(pixels), each sensing a small fragment of the light for an 
entire image. Generally, the higher the number of pixels, the 
better the resulting images (pictures) and the larger an image 
may be vieWed before becoming pixilated. Thus, the number 
of pixels is a primary measure of the image resolution, and 
directly affects the sharpness and crispness of the resulting 
images. Early digital cameras included bucket brigade sen 
sors With Charge Coupled Devices (CCDs) for pixel sensors. 
Integration, poWer, and frame rate considerations have 
driven the industry to convert from CCDs to image sensors 
that are based on more standard CMOS logic semiconductor 

processes. 

[0005] A typical CMOS image sensor array is, simply, an 
array of photodiodes With connected CMOS support and 
sensor circuits. Light striking each photodiode creates elec 
tron-hole pairs. The photodiode captures and stores the 
electrons. CMOS support circuits sense the charge stored in 
each diode. A color pixel sensing red, green or blue is just 
an appropriately ?ltered diode, With a red, green or blue ?lter 
to block all light outside of the particular bandWidth, i.e., 
red, green or blue. CMOS image sensors have alloWed pixel 
density to increase Well above 4 MegaPixels (4 MP), even 
as typical digital cameras have gotten more and more 
compact, e.g., some are even embedded in cell phones. 

[0006] Unfortunately, as pixel areas have shrunk to 
improve density, fabricating dense CMOS image sensor 
arrays has become more challenging. CMOS has not been 
particularly suited to efficient pixel design because dense 
chip/array Wiring formed above the array tends to block or 
diffuse light to the underlying pixels. CMOS device struc 
tures also overlay and tend to obstruct photo-sensor diodes 
(photodiode). So, polysilicon gates and array/chip Wiring 
tend to reduce the amount of light energy reaching the 
photodiode. Also, the device structures and Wiring limit the 
incident angle at Which light can be collected. This is 
exacerbated by shrinking cell siZe, Which is necessary for 
higher pixel density. Shrinking the cell requires even smaller 
photodiodes that are more densely packed in the pixel array. 

[0007] Finally, ?lters in colored ?ltered arrays (CFA) are 
often physically displaced from the pixel imaging surface. 
This displacement causes light to dilfract. Consequently, the 
image can smear due to light bleeding in from adjacent 
pixels. 

[0008] Thus, there is a need for denser, simpler imaging 
sensors, that are easier to produce and more particularly, for 
denser, simpler, easier to produce CMOS pixel arrays. 
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SUMMARY OF THE INVENTION 

[0009] It is therefore a purpose of the invention to maxi 
miZe image sensor signal reception; 

[0010] It is another purpose of this invention to minimize 
photodiode obstruction in CMOS pixels; 

[0011] It is yet another purpose of the invention to maxi 
miZe the signal received by photodiodes in CMOS pixel 
arrays; 

[0012] It is yet another purpose of the invention to sim 
plify CMOS pixel array construction With the each pixel 
exposed for maximum energy reception; 

[0013] The present invention is related to an imaging 
sensor With an array of PET pixels and method of forming 
the imaging sensor. The image sensor may be built on a SOI 
substrate. Each pixel is a semiconductor island, e.g., N-type 
silicon. FETs are formed in one photodiode electrode, e.g., 
a P-Well cathode. The image sensor may be illuminated from 
the backside With cell Wiring is above the cell. A color ?lter 
may be attached to an opposite surface of island. A protec 
tive layer (e.g., glass or quartz) or WindoW is ?xed to the 
pixel array at the color ?lters. So, an optical signal passes 
through the protective layer is ?ltered by the color ?lters and 
selectively sensed by a corresponding photo-sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of a preferred embodiment of the inven 
tion With reference to the draWings, in Which: 

[0015] FIG. 1 shoWs an example of steps in forming a 
CMOS imaging sensor according to a preferred embodiment 
of the present invention. 

[0016] FIGS. 2A-G, shoW a cross-sectional example 
through a preferred pixel array shoWing the steps of forming 
a CMOS imaging sensor n. 

[0017] FIGS. 3A-B shoW a plan vieW and a schematic 
example of typical pixel. 

[0018] FIG. 4 shoWs an example of a digital camera With 
a preferred embodiment imaging sensor array. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] Turning noW to the draWings, and more particu 
larly, FIG. 1 shoWs an example 100 of forming an imaging 
sensor according to a preferred embodiment of the present 
invention. Sensor formation begins in step 102 by preparing 
a semiconductor Wafer, e.g., by forming a dielectric layer, 
such as thermal oxide, on the surface of a silicon Wafer. A 
bonding layer (e. g., nitride) is formed on the dielectric layer 
and a ?rst handle Wafer is bonded to the bonding layer. In 
step 104 image pixel sensors are formed on the exposed side 
of the silicon Wafer, preferably, coincident With normal 
circuit formation. Preferably, chip circuits are formed in the 
insulated gate Field Effect Transistor (FET) technology 
commonly knoWn as CMOS. Further, although described 
herein With respect to CMOS, the present invention has 
application to forming pixel arrays in any FET technology. 
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[0020] Chip circuit formation proceeds through inter-cir 
cuit Wiring and, preferably to off-chip connections, i.e., in 
What is commonly referred to as the Back End Of the Line 
(BEOL). In step 106, a second handle Wafer is attached to 
the top side of the Wafer, i.e., above the circuits and any 
BEOL Wiring. Then, the ?rst handle Wafer is removed in step 
108, e. g., grinding and/ or etching to the nitride layer, and the 
exposed nitride layer is removed, e.g., etched aWay, to 
re-expose the thermal oxide layer. A layer of color ?lter is 
formed on the exposed thermal oxide layer in step 110, e.g., 
masking and depositing each of three colors ?lters, red, 
green and blue, on a pixel. In step 112, a protective layer is 
formed on the color ?lter layer. The protective layer both 
protects the color ?lter layer and also, preferably, acts as a 
packaging image WindoW for the imaging sensor. Option 
ally, in step 114, package dependent processing is done to 
facilitate contact from the chip to the package. Package 
interconnect dependent processing for Wire bonding or Con 
trolled Collapsible Chip Connects (C4), for example, 
requires removing the top handle Wafer for access to the 
bond pads. For other package types, e.g., packages available 
from the Shell Case Company, no additional processing is 
necessary and optional step 114 may be skipped. So in step 
116, the Wafer is diced into individual sensor chips and the 
chips are packaged, e.g., using ?ip ship or Wire bond 
packaging. 

[0021] FIGS. 2A-G, shoW a cross-sectional example 
through a Wafer 120 at a preferred pixel array, shoWing the 
steps of forming a CMOS imaging sensor, e.g., according to 
the example 100 in FIG. 1. Formation begins in FIG. 2A 
With a suitable Wafer 120 (step 102), preferably, a Silicon On 
Insulator (SOI) Wafer. In particular, the Wafer may be a 
silicon Wafer With a buried oxide layer or, in this example, 
a bonded SOI Wafer prepared, e.g., formed using bonding 
techniques from the SOITEC Corporation. A dielectric layer 
122, such as thermal oxide, is formed on one surface of a 
semiconductor layer 124, e.g., a silicon layer or Wafer. 
Preferably, the silicon layer 124 is 2-6 pm thick and the 
thermal oxide layer 122 is 0.1-1.0 pm thick. A 01-10 pm 
thick nitride layer 126 bonds the silicon layer 124 and 
dielectric layer 122 to a bottom handle Wafer 128. 

[0022] FIG. 2B shoWs image pixel sensors 130 formed in 
step 104 on the silicon layer 122. Although preferably, the 
image pixel sensors 130 are formed coincident With normal 
circuit formation; alternately the image pixel sensors 130 
may be formed before or after or separate therefrom. So, 
islands 132 are de?ned in the silicon layer 122, e.g., using 
a typical shalloW trench isolation technique to form and ?ll 
shalloW trenches 134 betWeen the islands 132. Isolation 
Wells 136 (N -Wells and/ or P-Wells) formed in the islands 132 
form a photodiode With each island 130. Preferably, the 
islands are doped N-type and Wells 136 are doped P-type. 
Devices are formed normally, e.g., forming a polysilicon 
layer on the surface and selectively de?ning polysilicon 
gates 138, folloWed by source/drain 140 de?nition. Diode 
contacts 142 are de?ned coincident With de?nition source/ 
drains 140. Chip Wiring 144 is formed through BEOL in 
dielectric layers for multiple alternating Wiring and through 
via layers. Optionally, off-chip pads 146 for Wire bonding or 
C4 interconnect may be formed in optional step 114, to 
facilitate contacting chip to package. Finally, an upper 
passivating layer 148 is formed on the Wafer. 
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[0023] In FIG. 2C, a second or topside handle layer 150 is 
attached to the passivating layer 148 in step 106 of FIG. 1. 
The second handle layer 150 is attached above the image 
pixel devices 138 and any BEOL Wiring 144 or optional chip 
pads 146. Flipping the Wafer 120 as shoWn in FIG. 2D, the 
bottom handle Wafer is removed in step 108, e.g., grinding 
and/or etching to the nitride bonding layer 126. The exposed 
nitride bonding layer 126 is removed, e.g., etched aWay, to 
re-expose the thermal oxide layer 122. 

[0024] Next in FIG. 2E, the color ?lter layer is formed in 
step 110 by forming color ?lters 152, 154, 156 on the 
exposed the thermal oxide layer 122 at respective pixels 130, 
e.g., red, green and blue color ?lters, respectively. Prefer 
ably, ?lters 152, 154, 156 are formed on the entire face of 
each ?ltered pixel, masking and depositing an appropriate 
?lter material. Suitable ?lter material includes, for example, 
dyed and pigmented photo resists. Typically, the color ?lters 
152, 154, 156 have a uniform thickness of 0.5-1.5 pm. 

[0025] Next, in FIG. 2F, a protective layer 158 or WindoW 
is formed on the color ?lter layer in step 112. Preferably, the 
protective layer 158 is a clear material such as quartZ, glass 
or any other suitable transparent material and forms an 
imaging WindoW for the sensor. The protective layer 158 
may be bonded to the color ?lter layer using a suitable 
transparent glue. Optionally, the protective layer 158 is 
coated With an infrared (IR) ?lter or an anti-re?ective 
coating. 

[0026] Once the protective layer is bonded to the color 
?lter layer, further processing may be performed to facilitate 
packaging. If Wire bonding or C4s are to be used for chip to 
package connections, the second or top handle layer 150 
may be removed in step 114 for the resulting structure of 
FIG. 2G. Then, the Wafer 120 is diced into individual sensor 
chips and packaged in step 116. Alternately, the top handle 
layer 150 may remain in place, if a chip scale package (e.g., 
from Shell Case Corporation) is to be used. Instead, for such 
a chip scale package, the connections are formed along 
exposed sides of the top handle layer 150 or, through vias 
formed through the second handle layer 150 to alloW back 
side connections. Thus, an image striking the protective 
layer 158 passes through to a respective color ?lter 152, 154, 
156, and strikes a respective photo-sensor diode at What is 
normally considered the backside of the chip, i.e., silicon 
layer 122, unattenuated by other chip structures. 

[0027] FIGS. 3A-B shoW an example of a topside plan 
vieW and schematic of typical pixel 160, formed according 
to a preferred embodiment of the present invention. While 
this pixel 160 is not identical to the pixels 130 in FIGS. 
2A-G, it may be formed substantially as described for the 
array embodiment of FIGS. 2A-G, With like structural 
elements labeled identically. In this example, the island 132 
is N-type, e.g., de?ned during a typical N-Well de?nition 
step and islands 132 are isolated from each other by STI 
trenches 134. The photo-sensor diode is the junction formed 
by the P-Well 136 in the N-Well island 132. Resistive 
contacts 162, 164 are formed to each of the N-Well island 
132 and P-Well 136. FETs (three NFETs in this example) are 
de?ned by gates 166, 168, 170 on the P-Well 136 and 
source/drain regions 172, 174, 176,178 (N-type in this 
example) on opposite sides of the gates 166, 168, 170. The 
anode of the photo-sensor diode 180 is grounded at the 
P-Well contact 164, Which biases the P-Well at ground. The 
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cathode of the photo-sensor diode 180 at the N-Well contact 
164 is connected to the source of 172 of NFET 166 and the 
gate of NFET 168. NFETs 166 and 168 share a common 
drain connection 174 to a supply voltage, e.g., Vdd. A reset 
signal (RESET) is connected to the gate of NFET 166. The 
source 176 of NFET 168 is a common diffusion With the 
drain of NFET 170, Which is gated by a roW select (ROW 
SELECT) signal. The source 178 of NFET 170 is also the 
data output for the pixel 160. 

[0028] Although RESET at the gate of NFET 166 may be 
normally high, except during imaging; typically, RESET 
pulses high just prior to imaging, e.g., just after the shutter 
button is pushed and just prior to opening the shutter. With 
RESET high the photo-sensor diode 180 acts substantially 
like a capacitor, i.e., a reverse biased junction capacitor. 
Thus, With RESET high a voltage develops across the 
reverse biased photo-sensor diode 180 that depends upon the 
high level of RESET and the NFET threshold voltage (VT), 
i.e., for a V01‘,1 up-level, VGIGFVT develops. Optionally, to 
develop a full Vdd, the up-level may be selected greater than 
Vdd+VT. When the shutter opens, light striking the pixel 
from beneath (typically passing through the protective glass 
WindoW and a red, green or blue ?lter) creates electron hole 
pairs. These electrons and holes discharge the junction 
capacitor of the photo-sensor diode 180 in an amount 
proportionate to the light incident upon the respective pixel 
160. If no light strikes the photo-sensor diode 180, the 
junction remains charged. Depending on the selected 
RESET up-level provided to the gate of NFET 166, the 
source 176 is precharged to some level beloW Vdd, e.g., 
Vdd—VT. NFET 168 acts as a source folloWer ampli?er to 
sense the voltage on the junction capacitor. The potential on 
the source of NFET 168 folloWs the voltage on the photo 
sensor diode 180. This voltage passes through NFET 170. 
The ROW SELECT at the gate of NFET 170 is normally loW 
until after an image signal is captured by the photo-sensor 
diode 180, and then pulsed high during the cell read cycle. 

[0029] FIG. 4 shoWs an example of application of a 
preferred embodiment chip 200 in a digital camera 202. 
Such application of imaging sensors, and digital cameras as 
Well, are Well knoWn in the art. The chip package may be a 
typical Wire bond package, because the light passes through 
the WindoW provided by the protective layer and ?ltered by 
the color ?lters on the surface opposite the chip connections. 
Thus, With the chip mounted using ?ip chip technology, the 
full protective WindoW area is exposed above the mounted 
chip and the color ?lters and pixels therebeloW are fully 
protected by the protective WindoW. 

[0030] Advantageously, the entire silicon island surface is 
exposed for each pixel. Since each pixel substantially occu 
pies the entire pixel area (less the shared STI), the array ?ll 
factor increases from beloW 30% to nearly 100%. This 
alloWs for even further area reduction since pixels may be 
smaller Without losing sensitivity to light, for even further 
cost savings. A preferred pixel captures a larger dose of the 
available energy With none being blocked by Wiring, Which 
is at the backside of a preferred pixel. Thus, such a preferred 
pixel exhibits a high quantum ef?ciency With a high ?ll 
factor. STI isolates each pixel from the adjacent pixels not 
alloWing any carriers to How betWeen photo diodes. This 
virtually eliminates color cross talk and blooming. More 
over, a preferred imaging sensor has an excellent angle 
response and micro lenses are unnecessary because there is 
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little distance betWeen the color ?lters and the light sensitive 
silicon. The preferred protective layer eliminates the need 
for a top glass cap in the package or an air gap over a 
micro-lens, such as prior art sensors require. Both because 
micro lenses are unnecessary and because the protective 
layer serves as a suitable imaging WindoW, packaging is 
further simpli?ed. Since the Wiring is on the pixel backside, 
Wire bonds, for example, may be used Without concern that 
they might interfere With pixel illumination. 

[0031] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With modi?cation 
Within the spirit and scope of the appended claims. It is 
intended that all such variations and modi?cations fall 
Within the scope of the appended claims. Examples and 
draWings are, accordingly, to be regarded as illustrative 
rather than restrictive. 

We claim: 
1. An imaging sensor cell comprising: 

a semiconductor layer; 

a photo-sensor on one surface of said semiconductor 
layer; and 

a color ?lter at an opposite surface of said semiconductor 
layer, light ?ltered by said color ?lter being selectively 
sensed by said photo-sensor. 

2. An imaging sensor cell as in claim 1, Wherein said 
semiconductor layer is an active silicon layer and said color 
?lter is separated from said active silicon layer by a dielec 
tric layer. 

3. An imaging sensor cell as in claim 2, Wherein said 
active silicon layer is doped With an N-type dopant and a 
P-Well in said N-type active silicon layer forms a photo 
diode, said imaging sensor cell further comprising a plural 
ity of NFETs formed in said P-Well, said NFETs connected 
to selectively sense an optical signal to said photodiode. 

4. An imaging sensor cell as in claim 3, Wherein said 
plurality of NFETs comprises: 

a ?rst NFET connected betWeen the cathode of said 
photodiode and a supply voltage (Vdd), said ?rst NFET 
being gated by a reset signal; 

a second NFET connected at the drain to said supply 
voltage and gated by said cathode; and 

a third NFET connected betWeen the source of said 
second NFET and a data output, said third NFET being 
gated by a pixel select signal. 

5. An imaging sensor cell as in claim 2, Wherein said 
active silicon layer is about 2-6 pm thick and said dielectric 
layer is about 0.1-1.0 um. 

6. An imaging sensor cell as in claim 1, Wherein said color 
?lter is in a layer of color ?lters, said imaging sensor further 
comprising: 

a protective layer on said layer of color ?lters, light 
passing through said protective layer being ?ltered by 
color ?lters in said layer of color ?lters. 

7. An imaging sensor cell as in claim 6, Wherein said 
protective layer is a quartz layer. 

8. An imaging sensor cell as in claim 6, Wherein said 
protective layer further ?lters out invisible light. 
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9. An imaging sensor cell as in claim 1, wherein Wiring to 
said cell extends aWay from said semiconductor layer from 
photo-sensor structures in said one surface. 

10. An imaging sensor comprising: 

a pixel array, each pixel comprising: 

a semiconductor island, 

a photo-sensor on one surface of said semiconductor 

island, 
cell Wiring to said cell extending from photo-sensor 

structures in said one surface, and 

a color ?lter at an opposite surface of said semicon 
ductor layer; and 

a protective layer on said pixel array at pixel color ?lters, 
an optical signal passing through said protective layer 
being ?ltered by said color ?lters and selectively sensed 
by a corresponding said photo-sensor. 

11. An imaging sensor as in claim 10, Wherein said 
semiconductor island is about 2-6 pm thick silicon island 
separated from adjacent silicon islands by shalloW trench 
isolation and said color ?lter is about 0.5-1.5 pm thick and 
separated from said semiconductor island by a dielectric 
layer about 0.1-1.0 pm thick. 

12. An imaging sensor as in claim 11, Wherein said silicon 
island is doped N-type, a P-Well in said N-type silicon island 
forms a photodiode and NFETs on said P-Well are connected 
to said photodiode to selectively sense said optical signal. 

13. An imaging sensor as in claim 12, Wherein said NFETs 
comprise: 

a ?rst NFET connected betWeen the cathode of said 
photodiode and a supply voltage (Vdd), said ?rst NFET 
being gated by a reset signal; 

a second NFET connected at the drain to said supply 
voltage and gated by said cathode; and 

a third NFET connected betWeen the source of said 
second NFET and a data output, said third NFET being 
gated by a pixel select signal. 

14. An imaging sensor as in claim 11, Wherein a handle 
layer bonded to a surface above said cell Wiring, said pixel 
array being sandWiched betWeen said protective layer and 
said handle layer. 

15. A method of forming an imaging sensor comprising 
the steps of: 

a) de?ning an array of islands in a semiconductor layer; 

b) forming a photo-sensor on a ?rst surface of each of said 
islands; 
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c) forming connections to each said photo-sensor, said 
connections extending from said ?rst surface; 

d) forming a color ?lter on a second surface of each of 
said islands, said second surface being opposite said 
?rst surface; 

e) packaging said imaging sensor, said second surface 
remaining exposed such that light to the packaged said 
imaging sensor is ?ltered by a respective said color 
?lter and selectively sensed by a corresponding said 
photo-sensor. 

16. Amethod of forming an imaging sensor as in claim 15, 
Wherein said semiconductor layer is a silicon layer and the 
step (a) of de?ning the island array comprises the steps of: 

i) bonding a handle layer to said second surface; and 

ii) patterning said silicon layer using shalloW trench 
isolation to de?ne silicon islands. 

17. Amethod of forming an imaging sensor as in claim 16, 
Wherein the bonding step (i) comprises: 

A) forming thermal oxide on said silicon layer; and 

B) forming a nitride layer on said thermal oxide, said 
bonding layer being bonded to said nitride layer. 

18. Amethod of forming an imaging sensor as in claim 15, 
Wherein said silicon layer is doped N-type and the step (b) 
of forming the photo-sensor comprises: 

i) forming a P-Well in each said N-type island, said P-Well 
forming a photodiode With said N-type island; and 

ii) forming a plurality of NFETs in said P-Well, connec 
tions formed in step (c) being to said NFETs and 
connecting each said N-type island to ground. 

19. Amethod of forming an imaging sensor as in claim 15, 
Wherein the step (d) of forming color ?lters comprises: 

i) bonding a handle layer to an upper Wiring layer at said 
?rst surface; 

ii) removing a back-side handle layer from said second 
surface; and 

iii) forming said color ?lters on said second surface. 
20. Amethod of forming an imaging sensor as in claim 15, 

before the packaging step (e), further comprising: 

e1) forming a protective layer on color ?lters formed on 
said second surface. 


