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charge liberated in the semiconductor layer to drift from the 
backside of the semiconductor layer to the pinned photodiode 
on the front side of the semiconductor layer. 
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US 7,498,650 B2 
1. 

BACKSIDE LLUMINATED CMOS IMAGE 
SENSOR WITH PINNED PHOTODODE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to CMOS image sensors. 

More particularly, the invention relates to backside illumi 
nated CMOS image sensors with pinned photodiodes. 

2. Description of Related Art 
Charge-coupled device (CCD) and complementary metal 

oxide-semiconductor (CMOS) image sensors are two differ 
ent technologies used for capturing images digitally. Both 
types of imagers convert light into electric charge. A CCD 
sensor has charges transferred from every pixel to a limited 
number of output nodes for conversion to Voltage, while 
CMOS sensors have charge-to-voltage conversion for each 
pixel. 

Conventional front side illuminated CMOS image sensors 
suffer from a number of drawbacks. For example, reduced 
photo-response, obscurations from metal lines crisscrossing 
pixel area, reduced fill factor, low short and long wavelength 
quantum efficiency (QE) for blue photons and near-infrared 
(NIR) wavelengths, respectively, and interference fringing 
from thin passivation and interlayer dielectrics. 

Backside illuminated CCDs have active pixel circuitry, 
Such as electrodes and gates, arranged on the front Surface of 
each substrate wafer. The backside is illuminated to circum 
vent preferential absorption of blue photons that typically 
result from front side illumination and to increase the absorp 
tion of NIR photons. 

Conventional backside illuminated CCDs also have a num 
ber of drawbacks. For example, backside illuminated CCDs 
lack single chip system capabilities. Conventional backside 
illuminated CCDs are also not suited for high frame rate low 
noise imagers. 

Using CMOS backside illumination, the image sensor 
operates with no metal line related effects and with up to 
100% fill-factor. Backside illuminated CMOS image sensors 
provide high quality QE, excellent angular response and 
availability of additional space in the pixel for integration of 
in-pixel signal processing circuits. Despite these enumerated 
advantages, the backside illuminated CMOS image sensors 
suffer from a number of drawbacks. Backside illuminated 
CMOS image sensors with conventional photodiodes have 
high noise, high dark current and high sense node capaci 
tance. 

With an ever increasing demand for improved image sen 
sors, there remains a need in the art for backside illuminated 
CMOS image sensors with reduced noise, dark current and 
sense node capacitance. 

SUMMARY OF THE INVENTION 

The present invention fills this need by providing a back 
side illuminated CMOS image sensor having an semiconduc 
tor layer with a front side and a backside, the semiconductor 
layer liberates charge when illuminated from the backside 
with light, an active pixel circuitry located on the front side of 
the semiconductor layer, a pinned photodiode adjacent to the 
active pixel circuitry on the front side of the semiconductor 
layer and configured to collect charge liberated in the semi 
conductor layer, an implant located in the semiconductor 
layer, underneath the active pixel circuitry, for allowing 
charge liberated in the semiconductor layer to drift from the 
backside of the semiconductor layer to the pinned photo 
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2 
diode on the front side of the semiconductor layer, and an 
oxide layer on the backside of the semiconductor layer. 

According to an embodiment of the invention, the backside 
illuminated CMOS image sensor includes a backside elec 
trode between the oxide layer and the semiconductor layer, 
the backside electrode is configured to reverse bias the back 
side illuminated CMOS image sensor. The backside illumi 
nated CMOS image sensor may also include a triple well 
located in the semiconductor layer, between the active pixel 
circuitry and the implant, to maintain a constant threshold 
Voltage in the active pixel circuitry, independent of an applied 
backside bias. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The exact nature of this invention, as well as the objects and 
advantages thereof, will become readily apparent from con 
sideration of the following specification in conjunction with 
the accompanying drawings in which like reference numerals 
designate like parts throughout the figures thereof and 
wherein: 

FIG. 1 is a backside illuminated CMOS image sensor with 
a pinned photodiode, according to an embodiment of the 
invention. 

FIG. 2 is a backside illuminated CMOS image sensor with 
a pinned photodiode and an oxide layer, according to an 
embodiment of the invention. 

FIG.3 is a backside illuminated CMOS image sensor with 
a pinned photodiode, an oxide layer 18 and a backside elec 
trode, according to an embodiment of the invention. 

FIG. 4 is a backside illuminated CMOS image sensor with 
a p-layer, according to an embodiment of the invention. 

FIG. 5 illustrates backside illuminated CMOS image sen 
sors with a plurality of p-layers, according to an embodiment 
of the invention. 

FIG. 6 illustrates the potential distribution underneath the 
backside illuminated CMOS image sensor of FIG. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Photodiodes are widely used in digital imaging devices to 
convert optical signals into electrical signals. Photodiodes 
may be arranged in linear or planar arrays with a plurality of 
photosensitive sensors, generally designated as pixels, on a 
semiconductor chip. Each pixel generates an output signal 
representing the amount of light incident on the pixel. 
A pinned photodiode (PPD) may be used to produce and 

integrate photoelectric charges generated in CMOS image 
sensors. FIG. 1 is a backside illuminated CMOS image sensor 
10, according to an embodiment of the invention. The back 
side illuminated CMOS image sensor 10 integrates, for 
example, a four transistor (4T) architecture pixel with an 
oxide layer 18. The 4T architecture pixel, fabricated on a front 
side 11 of a semiconductor layer 16, includes a pinned pho 
todiode 12, a floating diffusion 13, a transfer gate 14, a reset 
transistor 15, a source follower transistor 17 and a row select 
transistor 19. 
The pinned photodiode 12 may collect charge due to light 

24 incident on the pixel and output a signal to the source 
follower transistor 17. The transfer gate 14 may transfer the 
signal from the pinned photodiode 12 to the floating diffusion 
13. The floating diffusion region 13 may be electrically 
coupled to the gate of the outputsource follower transistor 17. 
The row select transistor 19 may output the signal from the 
source follower transistor 17 to an output readout terminal in 
response to an address signal. After readout, the reset transis 
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tor 15 may reset the floating diffusion 13 to a reference 
Voltage, (V-V), where V, is the threshold voltage of reset 
transistor 15. 

The pinned photodiode 12 may be fabricated on semicon 
ductor layer 16. The semiconductor layer 16 may be an epi 
taxial layer with a p-doped region 20. For example, the 
p-doped region 20 may be 5um thick and contain 2x10''/cm 
boron doping. 

The oxide layer 18 may be made of silicon dioxide with a 
front side 21 and a back side 22. The oxide layer 18 serves as 
an etch stop during the fabrication of CMOS image sensor 10. 
The back side 22 of the oxide layer 18 is generally uniformly 
planar. The interface between the front side 21 of the oxide 
layer 18 and the semiconductor layer 16 has a very low 
interface trap density, eliminating the need for annealing of 
the backside surface 22. Light 24 travels across the oxide 
layer 18 and gets absorbed by the light receiving element of 
the pinned photodiode 12. The oxide layer 18, in combination 
with the pinned photodiode 12, reduces noise, dark current 
and sense node capacitance in the backside illuminated 
CMOS Sensor 10. 

According to an embodiment of the invention, the CMOS 
image sensor 10 is fabricated using a wafer-level thinning 
process. The starting SOI wafer for the CMOS image sensor 
10 includes a buried oxide layer 18 between a silicon wafer 
and the semiconductor layer 16. The semiconductor layer 16 
includes at least one pinned photodiode 12. 

Prior to thinning, the starting SOI wafer may be coupled to 
a handling wafer, such as a glass wafer, for mechanical Sup 
port. The silicon wafer may be thinned using a grinding or 
turning diamond and then removed using, for example, a wet 
etching or a reactive ion etching (RIE) process. The buried 
oxide layer 18 provides a natural etch stop for the etching 
process. This fabrication process exposes the buried oxide 
layer 18 and develops a generally uniform planar back Surface 
22. 

According to an embodiment of the invention, the thinning 
process may be applied for the entire starting SOI wafer or 
only underneath an active array of pinned photodiodes 12 
using backside lithography. The use of a handling wafer may 
not be necessary if the thinning process is applied only under 
neath the array of pinned photodiodes 12. 

FIG. 2 is a backside illuminated CMOS image sensor 26 
with pinned photodiode 12 and oxide layer 18, according to 
an embodiment of the invention. The CMOS image sensor 26 
may include active pixel circuitry, Such as an n-type metal 
oxide-semiconductor (NMOS) device. Source follower tran 
sistor 17 may be an NMOS device with a sense node 27 and 
a gate 32 connected to an n-doped region 40 via metal con 
nection 36 and contact 38. The gate 32 is the gate terminal of 
the source follower transistor 17 with source 28 and drain 30. 
The source 28 and the drain 30 are connected to n-doped 
regions 34 and 35 in a p-doped semiconductor layer 33. 
Contact 38 is connected to an n-doped region 40 in the 
p-doped semiconductor layer 33. 
The oxide layer 18 may be made of silicon dioxide with 

front side 21 and back side 22. The oxide layer 18 serves as an 
etch stop during the fabrication of CMOS image sensor 26. 
The back side 22 of the oxide layer 18 is generally uniformly 
planar. The interface between the front side 21 of the oxide 
layer 18 and the semiconductor layer 33 has very low inter 
face trap density, eliminating the need for annealing of the 
backside surface 22. Light 24 travels across oxide layer 18 
and gets absorbed within semiconductor layer 33, generating 
a charge that is collected by pinned photodiode 12. 
The pinned photodiode 12 is connected to the semiconduc 

tor layer 33 vian-doped region 42. The pinned photodiode 12 
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4 
collects charge generated by light 24 incident on the pixel and 
outputs a signal to the source follower transistor 17. The 
transfer gate 14 may transfer the signal from the pinned 
photodiode 12 to the sense node 27 of source follower tran 
sistor 17. This allows the CMOS image sensor 26 to operate 
using backside illumination. The NMOS source follower 
transistor 17, in combination with the pinned photodiode 12, 
the transfer gate 14, the oxide layer 18 and a correlated double 
sampling (CDS) readout circuit (not shown), reduces noise, 
dark current and sense node capacitance in the backside illu 
minated CMOS image sensor 26. A camera using this sensor 
26 is therefore particularly suited for low light level imaging. 

FIG. 3 is a backside illuminated CMOS image sensor 44 
with pinned photodiode 12, oxide layer 18 and backside 
electrode 52, according to an embodiment of the invention. 
The CMOS image sensor 44 may include active pixel cir 
cuitry, such as source follower transistor 17. The pinned pho 
todiode 12 collects charge generated by light 24, incident on 
the pixel and outputs a signal to a source follower 17. Under 
neath the pinned photodiode 12 is n-doped region 42 of semi 
conductor layer 43. Transfer gate 14 transfers the signal from 
the pinned photodiode 12 to the sense node 27 of source 
follower transistor 17. 

Source follower transistor 17 may include a sense node 27 
and a gate 32 connected to an n-doped region 40 via metal 
connection 36 and contact38. The gate 32 is the gate terminal 
of the source follower transistor 17 with source 28 and drain 
30. The source 28 and the drain 30 are connected to n-doped 
regions 34 and 35. Underneath the source follower transistor 
17 is a triple well configuration 46 that includes the n-doped 
regions 34, 35 and 40, isolated in a p-well 48, which is further 
contained in ann-well 50. Since the source follower transistor 
17 may not be operable due to a backside bias applied through 
the backside electrode 52, the triple well configuration 46 
may be employed to maintain a constant threshold Voltage of 
the NMOS active pixel circuitry, independent of an applied 
backside bias. 
The backside electrode 52 may be positioned between the 

front side 21 of the oxide layer 18 and the semiconductor 
layer 43. For example, the backside electrode 52 may be 
deposited on oxide layer 18 prior to the deposition of semi 
conductor layer 43. The backside electrode 52 may be used to 
reverse bias the CMOS sensor 44. Reverse biasing enhances 
the performance of the CMOS sensor 44 by improving quan 
tum efficiency and reducing cross talk. The backside elec 
trode 52 may be a shallow high concentration implant or a 
transparent electrode. Such as an indium tin oxide (ITO) elec 
trode. Light 24 travels across oxide layer 18 and gets absorbed 
within semiconductor layer 43, generating a charge that is 
collected by pinned photodiode 12. The backside electrode 
52, in combination with the pinned photodiode 12, the oxide 
layer 18 and a correlated double sampling (CDS) readout 
circuit (not shown), reduces noise, dark current and sense 
node capacitance in the backside illuminated CMOS image 
sensor 44. A camera using this sensor 44 is therefore particu 
larly Suited for low light level imaging. 

Since charges, generated due to backside illumination, dif 
fuse towards the pinned photodiode 12 and the active pixel 
circuitry, some of the charges will be lost to the active pixel 
circuitry. The pinned photodiode 12 collects only a fraction of 
the charges diffusing through the semiconductor layer 43 and 
outputs a signal to the source follower transistor. The effi 
ciency of the CMOS image sensor 44 would greatly improve 
if more charge traveled to the pinned photodiode 12 instead of 
the active pixel circuitry. 

According to an embodiment of the invention, a p-layer 
may be used to drift the charges to the charge collecting 

TSMC EX. 1004 Page 10 of 12



US 7,498,650 B2 
5 

element of the pinned photodiode 12. FIG. 4 illustrates a 
backside illuminated CMOS image sensor 54 with a p-layer 
56. The CMOS image sensor 54 may include pinned photo 
diode 12, source follower transistor 17, and backside elec 
trode 52. The pinned photodiode 12 collects charge due to 
light 24 incident on the pixel and outputs a signal to the Source 
follower transistor 17. Underneath the pinned photodiode 12 
is n-doped region 42 of a high resistivity semiconductor layer 
53. Transfer gate 14 transfers the signal from the pinned 
photodiode 12 to the NMOS source follower device 17. 

Source follower transistor 17 may be an NMOS device 
with a sense node 27 and a gate 32 connected to an n-doped 
region 40 via metal connection36 and contact38. The gate 32 
is the gate terminal of the source follower transistor 17 with 
source 28 and drain 30. The source 28 and the drain 30 are 
connected to n-doped regions 34 and 35. Underneath the 
source follower transistor 17 is the triple well configuration 
46 with n-doped regions 34.35 and 40, isolated in a p-well 48, 
which is further contained in an n-well 50. Since the source 
follower transistor 17 may not be operable due to a backside 
bias applied through the backside electrode 52, the triple well 
configuration 46 may be employed to maintain a constant 
threshold voltage of the NMOS active pixel circuitry, inde 
pendent of an applied backside bias, and all other NMOS 
devices that may be on the front side of the CMOS image 
sensor 54. 
The backside electrode 52 may be positioned between the 

front side 21 of the oxide layer 18 and the semiconductor 
layer 53. For example, the backside electrode 52 may be 
deposited on oxide layer 18 prior to the deposition of semi 
conductor layer 53. The backside electrode 52 may be used to 
reverse bias the CMOS sensor 44. Reverse biasing enhances 
the performance of the CMOS sensor 44, improves quantum 
efficiency and reduces cross talk. The backside electrode 52 
may be a shallow high concentration implant or a transparent 
electrode, such as an indium tin oxide (ITO) electrode. Light 
24 travels across the oxide layer 18 and backside electrode 52, 
and gets absorbed by the light receiving element of the pinned 
photodiode 12. 
The p-layer 56 may be used to further reduce cross talk and 

recombination in the CMOS sensor 44. The p-layer 56 may be 
a deep p+ implant located underneath the circuitry 17. 
According to an embodiment of the invention, the p-layer 56 
allows charge 58 to drift, rather than diffuse, to the light 
receiving element of the pinned photodiode 12. This 
improves the efficiency of the CMOS image sensor 44 by 
allowing the pinned photodiode 12 to collect more charges 58 
liberated in the semiconductor layer 53 due to backside illu 
mination. 

FIG. 5 illustrates backside illuminated CMOS image sen 
sors 60 with a plurality of p-layers 56, according to an 
embodiment of the invention. Electrical field lines 62 form 
around the p-layers 56 and create electron funnels 64 that 
direct charge 58 to drift towards the pinned photodiode 12. 
Since there is no active pixel circuitry on the backside of the 
CMOS image sensors 60, light of different wavelength, for 
example, blue photons and red photons, liberate charges 58 
on the backside of the semiconductor layer 53 that are 
directed thereafter towards the pinned photodiode 12. Con 
sequently, the pinned photodiode 12 collects more charges 58 
generated from blue and red photons. The p-layers 56, in 
combination with high resistivity semiconductor layer 53, 
backside contact 52 and oxide layer 18, enhances the perfor 
mance of the CMOS sensor 60, improves quantum efficiency 
and reduces noise, dark current and sense node capacitance. 

FIG. 6 illustrates the potential distribution underneath 
pinned photodiode 12 of CMOS image sensor 60, according 
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6 
to an embodiment of the invention. With a negative voltage 
applied on the backside relative to the front-side of the CMOS 
image sensor 60, via backside electrode 52, electrical field 
lines 62 form around the p-layers 56 and direct charges 58 to 
drift towards the light receiving element of the pinned pho 
todiode 12. These charges 58 may then be transferred from 
the pinned photodiode 12 to the sense node 66. 

While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is to 
be understood that such embodiments are merely illustrative 
of and not restrictive on the broad invention, and that this 
invention not be limited to the specific constructions and 
arrangements shown and described, since various other 
changes, combinations, omissions, modifications and Substi 
tutions, in addition to those set forth in the above paragraphs, 
are possible. 

For example, the CMOS image sensor may include active 
pixel circuitry, such as a p-type metal-oxide-semiconductor 
(PMOS) device. Furthermore, any type of implant, such as a 
deep n+ implant, may be positioned underneath the circuitry 
to allow charge to drift to the light receiving element of the 
pinned photodiode. 

Those skilled in the art will appreciate that various adap 
tations and modifications of the just described preferred 
embodiment can be configured without departing from the 
scope and spirit of the invention. Therefore, it is to be under 
stood that, within the scope of the appended claims, the inven 
tion may be practiced other than as specifically described 
herein. 

What is claimed is: 
1. A backside illuminated CMOS image sensor, compris 

1ng: 
a semiconductor layer having a front side and a backside, 

the semiconductor layer liberates charge when illumi 
nated from the backside with light; 

an active pixel circuitry located on the front side of the 
semiconductor layer, 

a photodiode adjacent to the active pixel circuitry on the 
front side of the semiconductor layer and configured to 
collect charge liberated in the semiconductor layer, and 

an implant located in the semiconductor layer, underneath 
the active pixel circuitry, for allowing charge liberated in 
the semiconductor layer to drift from the backside of the 
semiconductor layer to the photodiode on the front side 
of the semiconductor layer. 

2. The backside illuminated CMOS image sensor of claim 
1 wherein the photodiode is a pinned photodiode. 

3. The backside illuminated CMOS image sensor of claim 
1 wherein the implant is a deep p-- implant. 

4. The backside illuminated CMOS image sensor of claim 
1 wherein the active pixel circuitry is an NMOS source fol 
lower transistor. 

5. The backside illuminated CMOS image sensor of claim 
1 further comprising an oxide layer on the backside of the 
semiconductor layer. 

6. The backside illuminated CMOS image sensor of claim 
5 further comprising a backside electrode between the oxide 
layer and the semiconductor layer, the backside electrode is 
configured to reverse bias the backside illuminated CMOS 
image sensor. 

7. The backside illuminated CMOS image sensor of claim 
1 further comprising: 

an electrode on the backside of the semiconductor layer, 
the electrode is configured to reverse bias the backside 
illuminated CMOS image sensor; 

an oxide layer covering the electrode; and 
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a triple well located in the semiconductor layer, between 
the active pixel circuitry and the implant, for maintain 
ing a constant threshold Voltage in the active pixel cir 
cuitry, independent of an applied backside bias. 

8. A backside illuminated CMOS image sensor, compris 
1ng: 

a semiconductor layer having a front side and a backside, 
the semiconductor layer liberates charge when illumi 
nated from the backside with light; 

an active pixel circuitry located on the front side of the 
semiconductor layer, 

a pinned photodiode adjacent to the active pixel circuitry 
on the front side of the semiconductor layer and config 
ured to collect charge liberated in the semiconductor 
layer; and 

an implant located in the semiconductor layer, underneath 
the active pixel circuitry, for allowing charge liberated in 
the semiconductor layer to drift from the backside of the 
semiconductor layer to the pinned photodiode on the 
front side of the semiconductor layer. 

9. The backside illuminated CMOS image sensor of claim 
8 wherein the implant is a deep p-- implant. 

10. The backside illuminated CMOS image sensor of claim 
8 wherein the active pixel circuitry is an NMOS device. 

11. The backside illuminated CMOS image sensor of claim 
8 further comprising an oxide layer on the backside of the 
semiconductor layer. 

12. The backside illuminated CMOS image sensor of claim 
11 further comprising a backside electrode between the oxide 
layer and the semiconductor layer, the backside electrode is 
configured to reverse bias the backside illuminated CMOS 
image sensor. 

13. The backside illuminated CMOS image sensor of claim 
8 further comprising: 

an electrode on the backside of the semiconductor layer, 
the electrode is configured to reverse bias the backside 
illuminated CMOS image sensor: 

an oxide layer covering the electrode; and 
a triple well located in the semiconductor layer, between 

the active pixel circuitry and the implant, for maintain 
ing a threshold Voltage in the active pixel circuitry. 
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14. A backside illuminated CMOS image sensor, compris 

1ng: 
a semiconductor layer having a front side and a backside, 

the semiconductor layer releases charge when illumi 
nated from the backside with light; 

an active pixel circuitry located on the front side of the 
semiconductor layer, 

a pinned photodiode adjacent to the active pixel circuitry 
on the front side of the semiconductor layer and config 
ured to collect charge released in the semiconductor 
layer; 

an implant located in the semiconductor layer, underneath 
the active pixel circuitry, for allowing charge released in 
the semiconductor layer to drift from the backside of the 
semiconductor layer to the pinned photodiode on the 
front side of the semiconductor layer; and 

an oxide layer on the backside of the semiconductor layer. 
15. The backside illuminated CMOS image sensor of claim 

14 wherein the implant is a deep p+ implant. 
16. The backside illuminated CMOS image sensor of claim 

14 wherein the active pixel circuitry is a source follower 
transistor. 

17. The backside illuminated CMOS image sensor of claim 
14 further comprising a backside electrode between the oxide 
layer and the semiconductor layer, the backside electrode is 
configured to reverse bias the backside illuminated CMOS 
image sensor. 

18. The backside illuminated CMOS image sensor of claim 
17 further comprising a triple well located in the semicon 
ductor layer, between the active pixel circuitry and the 
implant, for maintaining a constant threshold voltage in the 
active pixel circuitry. 

19. The backside illuminated CMOS image sensor of claim 
17 wherein the backside electrode is a shallow high concen 
tration implant. 

20. The backside illuminated CMOS image sensor of claim 
17 wherein the backside electrode is an indium tin oxide 
electrode. 
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