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(57) ABSTRACT

The invention describes a solid-state CMOS image sensor
array and in particular describes in detail the image sensor
array pixels, with global and rolling shutter capabilities, that
utilize charge storage gates located on top of a pinned photo-
diode. The sensor array is illuminated from the back side and
the location of the storage gate on top of the pinned photo-
diode saves valuable pixel area, which does not compromise
the Dynamic Range of the image sensor.
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1
BACK SIDE ILLUMINATED CMOS IMAGE
SENSOR WITH GLOBAL SHUTTER
STORAGE GATES STACKED ON TOP OF
PINNED PHOTODIODES

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC Sec.
119 (e)(1) of provisional application No. 61/438,785 filed on
Feb. 2, 2011.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to back side illuminated
solid-state image sensors, and more particularly to small pixel
size, back side illuminated CMOS image sensors having both
global shutter (GS) and rolling shutter (RS) capabilities.

2. Discussion of Related Art

Typical image sensors sense light by converting impinging
photons into electrons that are integrated (collected) in sensor
pixels. After completion of an integration cycle collected
charge is converted into a voltage, which is supplied to the
output terminals of the sensor. In CMOS image sensors the
charge to voltage conversion is accomplished directly in the
pixels themselves and the analog pixel voltage is transferred
to the output terminals through various pixel addressing and
scanning schemes. The analog pixel voltage signal can also be
converted on-chip to a digital equivalent before reaching the
chip output. The pixels have incorporated in them a buffer
amplifier, typically a Source Follower (SF), which drives the
sense lines that are connected to the pixels by suitable
addressing transistors. After charge to voltage conversion is
completed and the resulting signal transferred out from the
pixels, the pixels are reset in order to be ready for accumula-
tion of new charge. In pixels that are using Floating Diffusion
(FD) as the charge detection node, the reset is accomplished
by momentarily turning on a reset transistor that conductively
connects the FD node to a voltage reference, which is typi-
cally the pixel drain node. This step removes collected
charge; however, it generates kTC-reset noise as is well
known in the art. kTC noise has to be removed from the signal
by the Correlated Double Sampling (CDS) signal processing
technique in order to achieve the desired low noise perfor-
mance. The typical CMOS sensors that utilize the CDS con-
cept usually require four transistors (4T) in the pixel. An
example ofthe 4T pixel circuit with pinned photodiode can be
found in the U.S. Pat. No. 5,625,210 to Lee, which patent is
herein incorporated by reference.

The principal disadvantage of standard CMOS sensors is
that the pixel scanning, after charge has been accumulated in
them, is performed in a sequential manner row by row. This
generates an exposure time skew, which can be observed in
the pictures of moving objects and which causes an undesir-
able picture distortion. This method of CMOS sensor scan-
ning is called the “rolling shutter” mode and it resembles the
action of the focal plane slit shutter in the old photographic
film cameras. In most applications, however, itis preferable to
expose all the pixels of the image at the same time without the
skew and thus eliminate the distortion of moving objects. This
type of sensor operation is called the “global shuttering”
mode, which resembles the operation of a mechanical iris
shutter in film cameras. In order to implement this kind of
global shuttering it is necessary to provide another charge
storage site in the pixels. After charge is integrated in the
photodiodes of the pixels it is transferred to the pixel storage
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sites simultaneously in all the pixels of the array where it can
wait for the scanning in the row by row fashion. The pixel
scanning time skew is thus independent of the frame pixel
exposure time. There have been several methods published in
the literature of how to incorporate an additional charge stor-
age site into the CMOS sensor pixels. A recent publication
described in: ISSCC Digest of Technical Papers pp. 398, 399,
by Keita Yasutomi, Shinya Itoh, Shoji Kawahito entitled: “A
2.7¢e Temporal Noise 99.7% Shutter Efficiency 92 dB
Dynamic Range CMOS Image Sensor with Dual Global
Shutter Pixels”, is a modification of the well known Interline
Transfer CCD concept where charge from the pixel photo-
diodes is transferred first into vertical CCD registers located
in the spaces between the pixels and then from there trans-
ferred in parallel fashion row by row into the serial register
followed by the CCD transfer out into the common single
amplifier. The application of the CCD charge transfer concept
into the CMOS image sensor, to implement the global shut-
tering mode is shown in FIG. 1.

FIG. 1 represents a simplified circuit diagram of the prior
art pixel 100 of a CMOS sensor that has the global shuttering
capability. After charge integration is completed in the pinned
photodiode 101 charge is transferred via the transfer gate
transistor 103 into the second pinned photodiode 102 where it
waits for scanning. The charge transfer from the first to the
second pinned photodiode is completed in a CCD fashion
without generating kTC noise. It is also necessary that the
second pinned photodiode 102 have a higher pinning voltage
than the first pinned photodiode 101 or the transfer gate 103
have a potential barrier and a well incorporated in it. More-
over it is necessary that the charge storage in the second
pinned photodiode 102 be well shielded from impinging pho-
tons 115 to prevent undesirable smear effects when the
objects in the scene move. The signal charge readout from the
second pinned photodiode 102 then proceeds in the standard
way by first resetting the Floating Diffusion (FD) node 104 to
the drain bias voltage by momentarily turning on the reset
transistor 106 followed by pulsing the gate of charge transfer
transistor 105. This sequence can now proceed in a sequential
order row by row. The signal appearing on the FD node 104 is
buffered by the source follower transistor 107 which is
addressed by a row addressing transistor 108. The signals to
the charge transfer transistor gate, reset transistor, and the
addressing transistor are supplied by the row buss lines 111,
112,113 and 114 respectively. The Vdd bias is supplied to the
pixels by the column Vdd line 109 and the signal output
appears on the column output line 110. Using pinned photo-
diodes for charge storage is advantageous since it is well
known that these photodiodes have a low dark current gen-
eration. High dark current in the storage sites would add to
noise and also would generate undesirable shading effects in
the picture that would have to be compensated for. Unfortu-
nately, the second pinned photodiode 102 consumes a signifi-
cant amount of valuable pixel area, thus increasing the size of
the sensor and ultimately its cost. It is therefore desirable to
investigate other possibilities of how to build CMOS sensors
with the global shuttering capability that consume less pixel
area but at the same time do not sacrifice pixel performance.

SUMMARY OF THE INVENTION

The present invention overcomes the shortcomings of the
prior art by utilizing the charge storage region below the
charge storage gate located on top of a pinned photodiode for
collection of photo-generated electrons. This has the advan-
tage that when a pixel is illuminated from the back side the
storage gate region that collects photo-generated electrons
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can be made very narrow. This provides for adequate storage
gate shielding thus preventing smearing artifacts.

The advantage of using the top storage gate structure for
the sensors that require the global shuttering capability is that
minimum pixel size is not sacrificed or traded off for the
charge storage capability and that the rest of the pixel circuits
and the method of pixel operation including the pixel perfor-
mance is the same as in the standard 4T configuration. It is a
further object of the disclosed invention to provide a practical
CMOS image sensor pixel design using the storage gate
located on top of the pinned photodiode that can be used to
implement the global shuttering capability in high perfor-
mance back side illuminated CMOS image sensor arrays,
wherein the CMOS image sensor can then operate in both the
rolling shutter and the global shutter modes.

Furthermore it is an object of the disclosed invention to
provide the CMOS image sensor design by having several top
charge storage sites per pixel by incorporating several top
storage gates on top of a single pinned photodiode without a
significant pixel area penalty. This provides additional flex-
ibility to the sensor and increases the sensor dynamic range by
permitting multiple sampling. The multiple storage gates for
each pixel also provide a new image sensor functionality. For
example sensors that incorporate such multiple storage gates
on top of the pinned photodiode and thus can accumulate
signal charge from one pixel for several different integration
times, can be used for moving target detection by pixel level
signal differencing.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail in the following
description of the preferred embodiments with reference to
the following figures wherein:

FIG. 1 shows the simplified schematic diagram of a prior
art CMOS image sensor pixel that has the rolling shutter
capability by using a second pinned diode for charge storing.

FIG. 2 shows the simplified cross section of the pixel of the
present invention having transfer gates for charge transfer
from the pinned photo diode to the region under the charge
storage gate and from there to a floating diffusion node. The
storage gate is located on top of the pinned photodiode. The
pixel is illuminated from the back side.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described with reference to
FIG. 2 which represents the simplified device cross section of
a CMOS sensor pixel 200. The pixel 200 consists of a pinned
photodiode with a top storage gate 204. The pinned photo-
diode is formed by the p+ type doped layer 209 and the n type
doped layer 210. The substrate 201 is p type doped and has a
p+ type doped layer 202 deposited near the back surface. This
layer 202 helps suppress dark current generation in that area.
The top surface of the structure has an insulating layer 218,
preferably silicon dioxide, grown on it that serves as the gate
insulator for poly-silicon gates 203, 204 and 205. Gate 203 is
the transfer gate Tx1, which is used to transfer accumulated
electron charge 213 from the pinned photodiode to an area
under the gate 203 as charge 214, when this gate 203 is pulsed
positive. After the gate bias returns to its original bias level,
which is zero or slightly negative, electron charge 214 is then
transferred to an area under storage gate 204 and is stored
there as charge 215. The storage gate 204 is biased by a
constant positive bias such as Vdd. The positive bias causes a
channel or potential well 211 to form for storing electrons in
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the silicon near the silicon-silicon dioxide interface as shown
in FIG. 2. The stored electrons travel at this silicon-silicon
dioxide interface because it is the region of maximum poten-
tial within the potential well 211. This potential well 211 is
approximately only 500 A thick, which is important to mini-
mize the number of photon generated electrons in that area
which would cause smearing effects. When a transfer gate
205, which is the output transfer gate Tx2, is pulsed positive,
charge 215 from an area under the storage gate 204 is trans-
ferred under the gate 205 as charge 216 and further on to
floating diffusion region 206 as the desired signal. For ease of
illustration in FIG. 2 charge 215 and 216 is shown traversing
p+ layer 209. In actuality this charge traverses a channel or
potential well 211. Preferably the charge traverses the chan-
nel or potential well 211 at the silicon-silicon dioxide inter-
face. The pixel 200 also includes a reset transistor, a source
follower transistor, and an addressing transistor, which are
connected in a known manner, and for simplicity are not
shown in the drawing of FIG. 2. For example, the reset tran-
sistor is similarly connected as the transistor 106 in FIG. 1, the
source follower transistor as transistor 107, and the address-
ing transistor as transistor 108. The source of the source
follower transistor is connected through the addressing tran-
sistor to the pixel column bus line that receives the signal from
the source follower transistor and transfers it to peripheral
circuits for further processing. The pixel 200 also has addi-
tional p+ type doped layers 207 and 208 implanted therein
that serve as pixel-to-pixel isolation and as a barrier for elec-
trons thus preventing charge loss directly to the floating dif-
fusion region 206 and to other pixel transistors not shown in
the drawing. The photons 219 enter the device from the back
side and generate electrons 212 in a depletion region 217.
Electrons are then swept to the n type doped region 210 and
are accumulated and stored therein during the integration
time. Electrons that are generated outside of the depletion
region 217 first diffuse to the edge boundary of depletion
region 217 and thereafter are again swept into the pinned
photodiode storage region 210. The back surface of the image
sensor array can have various types of color filters, light
shielding layers, and micro-lenses deposited on it to provide
the color sensing capability.

During the global shutter mode of operation, after enough
charge is accumulated in the pinned photodiode of each pixel,
all Tx1 gates of the array are pulsed simultaneously and
charge from all the pixels is transferred under the pixel stor-
age gates 204. The signal readout from the charge storage
gates 204 then proceeds in the sequential mode, row by row,
as is typical in all CMOS image sensors. It is also possible to
pulse the Tx1 gate sequentially and operate the sensor in the
rolling shutter mode where the charge storage time in the
storage gate 204 is minimized. This mode of operation may
have an advantage when an extremely low dark current opera-
tion is required. The signal readout from the charge storage
gate 204 uses the standard CDS operation where the floating
diffusion node is first reset and sampled before charge is
transferred on it and then sampled again. This procedure
eliminates the kKTC noise and minimizes the pixel-to-pixel
non-uniformities as is well known in the art. The advantage of
using the top storage gate structure for the CMOS image
sensors that require the global shuttering capability is that a
minimum pixel size is not sacrificed due to the novel place-
ment of the charge storage gates directly above the pinned
photodiodes. Also the remaining pixel circuitry and the
method of pixel operation including pixel performance is the
same as in the standard 4T configuration.

In another embodiment of the invention the pixel 200 has
two or more Tx1 gates 203, two or more charge storage gates
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204, and two or more output gates 205. This is not shown in
the drawing. Multiple charge storage gates 204 connected to
the same pinned photodiode allows for a quick sequential
image sampling where the integration times are the same.
This is important when it is desirable to detect moving targets,
since only the pixels, having a change in accumulated charge
during consecutive image sampling of the same integration
time, produce a difference signal. Another advantage of using
multiple storage gates is an increase in pixel dynamic range,
since the integration time for the consecutive scene sampling
can be different. The pixels 200 with a signal that has over-
flowed the well capacity can be sampled again with a shorter
integration time and not be saturated.

There are many modifications possible to the disclosed
invention and to the particular embodiments described by the
above drawing. This is well known to those skilled in the art.
However, the main points of this invention that are novel are
the top storage gate located above the pinned photodiode and
the multiple, top storage gates connected to the single pinned
photodiode via multiple transfer gates.

The above described preferred embodiments of the novel
pixel for the CMOS image sensor array with top storage gates
are intended to be illustrative and not limiting. It is noted that
persons skilled in the art can make modifications and varia-
tions in light of the above teachings. It is therefore to be
understood that changes may be made in the particular
embodiments of the invention disclosed, which are within the
scope and spirit of the invention.

Having thus described the invention with the details and
particularity required by the patent laws, what is claimed and
desired protected by Letters Patent is set forth in the appended
claims.

What is claimed is:

1. A back side illuminated CMOS image sensor array hav-
ing at least one pixel circuit, each pixel circuit comprising:

a charge storage gate;

a charge storage region below the charge storage gate;

a pinned photodiode, wherein the charge storage region is

located on top of the pinned photodiode;

afirst transfer gate coupled between the pinned photodiode

and the charge storage region, wherein the first transfer
gate transfers charge from the pinned photodiode to the
charge storage region; and

an output transfer gate coupled between said charge stor-

age region and a charge detection means.

2. The CMOS image sensor array of claim 1 wherein said
charge storage region beneath the charge storage gate com-
prises a silicon-silicon dioxide interface.

3. The CMOS image sensor array of claim 1 wherein said
charge detection means includes a floating diffusion region
and wherein the output transfer gate is coupled between the
charge storage region and the floating diffusion region and
transfers charge from the charge storage region to the floating
diffusion region.

4. The CMOS image sensor array of claim 3 wherein each
pixel circuit further includes a source follower transistor hav-
ing a gate connected to said floating diffusion region; a reset
transistor connected to said floating diffusion region and a
reset reference voltage; and an addressing transistor con-
nected to said source follower and array column bus lines
whereby a signal from said source follower transistor is trans-
ferred to peripheral circuitry for further processing.

5. The CMOS image sensor array of claim 3 wherein, after
accumulating sufficient charge in the pinned photodiodes, all
the corresponding first transfer gates are pulsed simulta-
neously whereby said charge is transferred under said charge
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storage gates simultaneously and subsequently read out in a
sequential manner row by row thus providing a global shutter
mode of operation.

6. The CMOS image sensor array of claim 3 wherein after
accumulating sufficient charge in the pinned photodiodes,
said corresponding first transfer gates are pulsed sequentially
whereby said charge is transferred under said charge storage
gates sequentially and subsequently read out in a sequential
manner row by row thus providing a rolling shutter mode of
operation whereby charge storage time in said charge storage
gate is minimized.

7. The CMOS image sensor array of claim 1 wherein said
charge storage region is approximately 500 Angstroms thick.

8. The CMOS image sensor array of claim 3 wherein said
charge storage region is approximately 500 Angstroms thick.

9. The CMOS image sensor array of claim 1 wherein each
pixel circuit further includes means for providing pixel to
pixel isolation.

10. The CMOS image sensor array of claim 3 wherein each
pixel circuit further includes means for providing pixel to
pixel isolation.

11. The CMOS image sensor array of claim 1 further com-
prising color filters; light shielding layers, and micro-lenses
deposited on a back surface of the image sensor array, which
are capable of receiving, filtering, and shaping a pixel image
signal projected on the back surface.

12. The CMOS image sensor array of claim 3 further com-
prising color filters; light shielding layers, and micro-lenses
deposited on a back surface of the image sensor array, which
are capable of receiving, filtering, and shaping a pixel image
signal projected on the back surface.

13. A back side illuminated CMOS image sensor array
having at least one pixel circuit, each pixel circuit comprising:

a plurality of first transfer gates;

a plurality of charge storage gates;

a pinned photodiode for accumulating photon generated
electron charge wherein said plurality of first transfer
gates is coupled to said pinned photodiode and to a
corresponding one of a plurality of charge storage gate
regions under said plurality of charge storage gates,
wherein said plurality of charge storage gates are located
on top of said pinned photodiode and wherein said plu-
rality of charge storage gates are biased such that said
plurality of charge storage gate regions are formed,
wherein said plurality of charge storage gate regions is
capable of receiving and storing charge from said pinned
photodiode via a corresponding one of said plurality of
first transfer gates; and

a plurality of output transfer gates coupled to a correspond-
ing one of said plurality of charge storage gate regions
for transferring charge stored under said plurality of
charge storage gates to a plurality of charge detection
means.

14. The CMOS image sensor of claim 13 wherein said
charge storage gate regions comprise a silicon-silicon dioxide
interface.

15. The CMOS image sensor array of claim 13 wherein
said charge detection means includes a plurality of floating
diffusion regions such that said plurality of output transfer
gates coupled to said plurality of charge storage gate regions
and to said plurality of floating diffusion regions can receive
charge from said plurality of charge storage gate regions and
transfer the charge onto said plurality of floating diffusion
regions.
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16. The CMOS image sensor array of claim 13 that is
operated in a signal differencing mode to detect moving tar-
gets using sequential image sampling having the same inte-
gration times.

17. The CMOS image sensor pixel array of claim 13 that is
operated in a high dynamic range mode utilizing sequential
pixel signal sampling having different integration times.

18. The CMOS image sensor array of claim 16 wherein
each pixel circuit further includes a source follower transistor
having a gate connected to said floating diffusion region; a
reset transistor connected to said floating diffusion region and
a reset reference voltage; and an addressing transistor con-
nected to said source follower transistor and array column bus
lines whereby a signal from said source follower transistor is
transferred to peripheral circuitry for further processing.

19. The CMOS image sensor array of claim 13 wherein
said plurality of charge storage gate regions are approxi-
mately 500 Angstroms thick.

20. The CMOS image sensor array of claim 15 wherein
said plurality of charge storage gate regions are approxi-
mately 500 Angstroms thick.

#* #* #* #* #*
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