wO 2008/088879 A 1 |00 00 0O 0

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 July 2008 (24.07.2008)

dﬂijmwmwmmmmmmmmmmwwmmm

(10) International Publication Number

WO 2008/088879 Al

(51) International Patent Classification:
HO4N 3/15 (2006.01) HOIL 27/146 (2006.01)

(21) International Application Number:
PCT/US2008/000689

(22) International Filing Date: 18 January 2008 (18.01.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/624,773 19 January 2007 (19.01.2007) US
(71) Applicant (for all designated States except US): EAST-
MAN KODAK COMPANY [US/US]; 343 State Street,

Rocheser, NY 14650-2201 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): PARKS, Christopher
[US/US]; 113 Kentucky Crossing, Rochester, NY 14612
(US).

(74) Common Representative: EASTMAN KODAK COM-
PANY; 343 State Street, Rocheser, NY 14650-2201 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR,HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: IMAGE SENSOR WITH GAIN CONTROL

208

output

RG2

(57) Abstract: An image sensor
having a plurality of pixels; each pixel
includes one or more photosensitive
elements that collect charge in
response to incident light; one or more

AA
VDD

transfer mechanisms that respectively

RG1

transfer the charge from the one

1 203

—
I -S‘\201
2!31
L 200 505

or more photosensitive elements;
a  charge-to-voltage  conversion
region having a capacitance, and the
charge-to-voltage region receives
the charge from the one or more
photosensitive elements; a first
reset transistor connected to the
charge-to-voltage conversion region;
a second reset transistor connected
to the first reset transistor, which
in combination with the first reset
transistor,  selectively sets the
capacitance of the charge-to-voltage
conversion regions from a plurality
of capacitances.

FIG. 6




10

15

20

25

30

WO 2008/088879 PCT/US2008/000689

IMAGE SENSOR WITH GAIN CONTROL

FIELD OF THE INVENTION
The invention relates generally to the field of CMOS active pixel
image sensor and, more particularly, to providing in pixel floating diffusion

capacitance control.

BACKGROUND OF THE INVENTION

Fig. 1 shows the typical CMOS active pixel image sensor 100. The
basic component of the image sensor 100 is the array of photosensitive pixels 130.
The row decoder circuitry 105 selects an entire row of pixels 130 to be sampled
by the correlated double sampling (CDS) circuitry 125. The analog-to-digital
converter 115 scans across the column decoders and digitizes the signals stored in
the CDS. The analog-to-digital converter 115 may be of the type which has one
converter for each column (parallel) or one high-speed converter to digitize each
column serially. The digitized data may be directly output from the image sensor
100 or there may be integrated image processing 120 for defect correction, color
filter interpolation, image scaling, and other special effects. The timing generator
110 controls the row and column decoders to sample the entire pixel array or only
a portion of the pixel array.

Fig. 2 shows one pixel of a CMOS image sensor. There is a
photodiode 151 to collect photo-generated electrons. When the signal is read
from the photodiode 151 the RG signal is pulsed to reset the floating diffusion
node 155, via the reset transistor 150, to the VDD potential. The row select signal
RSEL is turned on to connect the output transistor 153 to the output signal line
through the row select transistor 154. CDS circuit samples the reset voltage level
on the output signal line. Next the transfer transistor 152 is pulsed on and off to
transfer charge from the photodiode 151 to the floating diffusion node 155. The
new voltage level on the output signal line minus the reset voltage level is

proportional to the amount of charge on the floating diffusion.
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The magnitude of the floating diffusion voltage change is given by
V=Q/C where Q is the amount of charge collected by the photodiode 151 and C is
the capacitance of the floating diffusion node 155. If the capacitance C is too
small and the charge Q is too large, then the voltage output will be too large for
the CDS circuit. This problem commonly occurs when the pixel size is 2.7um or
larger and the power supply voltage VDD is 3.3 V or less. The prior art solution
to this problem has generally consisted of placing extra capacitance on the floating
diffusion node 155.

In Fig. 3, US Patent 6,730,897 increases the floating diffusion 160
node capacitance by adding a capacitor 161 connected between the floating
diffusion 160 and GND. In Fig. 4, US Patent 6,960,796 increases the floating
diffusion 162 node capacitance by adding a capacitor 163 connected between the
floating diffusion 162 and the power supply VDD. The prior art does increase the
floating diffusion node capacitance enough to ensure the maximum output voltage
is within the power supply limit at maximum photodiode charge capacity.
However, the prior art solution is not optimum for low light level conditions.
When there is a very small amount of charge in the photodiode, the larger floating
diffusion capacitance lowers the voltage output making it harder to measure the
small signals. What is needed is a way to have a small floating diffusion
capacitance (for increased voltage output) when imaging in low light levels and a
large floating diffusion capacitance (to lower voltage output below the power
supply range) when imaging in high light levels. This is a form of in pixel gain
control.

Fig. 5 shows a pixel with an extra “dangling” transistor 165
connected to the floating diffusion 166. This pixel is from US Patent Application
2006/0103749A1. Switching on the transistor 165 with the AUX signal line
increases the capacitance of the floating diffusion 166. This method of changing
the floating diffusion capacitance requires four transistor gates 165, 167, 168, and
169 to closely surround and directly electrically connect to the floating diffusion.
The presence of four transistor gates does not allow for the smallest possible

floating diffusion node capacitance. When the transistor 165 is turned off, the
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gate still adds some additional capacitance compared to the case where only three
transistors are adjacent to the floating diffusion.

US Patent 7,075,049 also shows pixels with the ability to change
the floating diffusion node capacitance. It also has the requirement of four
transistors adjacent to the floating diffusion node. Therefore, the pixel designs in
US Patent 7,075,049 does not provide for the smallest possible floating diffusion
capacitance.

The invention disclosed here will show how to build a pixel where
the floating diffusion capacitance can be changed in response to signal level.
Furthermore, the invention will only require three transistor gates to be adjacent to

the floating diffusion.

SUMMARY OF THE INVENTION

The present invention is directed to overcoming one or more of the
problems set forth above. Briefly summarized, according to one aspect of the
present invention, the invention resides in an image sensor having a plurality of
pixels; each pixel includes (a) one or more photosensitive elements that collect
charge in response to incident light; (b) one or more transfer mechanisms that
respectively transfer the charge from the one or more photosensitive elements; (c)
a charge-to-voltage conversion region having a capacitance, and the charge-to-
voltage region receives the charge from the one or more photosensitive elements;
(d) a first reset transistor connected to the charge-to-voltage conversion region; (€)
a second reset transistor connected to the first reset transistor, which in
combination with the first reset transistor, selectively sets the capacitance of the
charge-to-voltage conversion regions from a plurality of capacitances.

These and other aspects, objects, features and advantages of the
present invention will be more clearly understood and appreciated from a review
of the following detailed description of the preferred embodiments and appended

claims, and by reference to the accompanying drawings.
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Advantageous Effect Of The Invention
The invention allows for changing the image sensor pixel charge to

voltage conversion capacitance without compromising the minimum possible

capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a prior art CMOS images sensor with integrated control
electronics and signal processing;

Fig. 2 is a prior art four-transistor pixel;

Fig. 3 is a prior art pixel with an extra floating diffusion capacitor
connected to ground (zero volts);

Fig. 4 is a prior art pixel with an extra floating diffusion capacitor
connected to the power supply VDD;

Fig. 5 is a prior art pixel with an extra floating diffusion
capacitance control transistor attached to the floating diffusion;

Fig. 6 is a schematic diagram of the present invention showing two

reset transistors connected in series to the floating diffusion for capacitance

control;

Fig. 7 illustrates the present invention operating in low capacitance
high gain mode;

Fig. 8 illustrates the invention operating in high capacitance low
gain mode;

Fig. 9 illustrates the present invention in a pixel with multiple
photodiodes connected to one shared floating diffusion;

Fig. 10 illustrates the present invention with three reset transistors
in series for two levels of floating diffusion capacitance control;

Fig. 11 is an image sensor of the present invention using a pixel
with floating diffusion capacitance control; and

Fig. 12 is a camera imaging system having an image sensor using a

pixel with floating diffusion capacitance control.
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DETAILED DESCRIPTION OF THE INVENTION

Before discussing the present invention in detail, it is instructive to
note that the present invention is preferably used in, but not limited to, a CMOS
active pixel sensor. Active pixel sensor refers to an active electrical element
within the pixel, other than transistors functioning as switches. For example, the
floating diffusion or amplifier are active elements. CMOS refers to
complementary metal oxide silicon type electrical components such as transistors
which are associated with the pixel, but typically not in the pixel, and which are
formed when the source/drain of a transistor is of one dopant type and its mated
transistor is of the opposite dopant type. CMOS devices include some advantages
one of which is it consumes less power.

Fig. 6 is a schematic diagram of a pixel 208 having gain control of
the present invention. It is noted that it only has three transistors adjacent to the
floating diffusion node 200 while the prior art always had four transistors adjacent
to the floating diffusion node. The three transistors are the transfer transistor 206
that controls the transfer of photo-generated charge from the photodiode 207 to
the floating diffusion node 200, the reset transistor 201 and the output signal
transistor 204. Transistor 205 is the row select transistor that is turned on to select
which row is to have the output signal transistor 204 connected to the output
signal line. Transistor 203 is a secondary reset transistor that allows changing of
the floating diffusion capacitance when operated in conjunction with transistor
201.

The operation of the pixel is illustrated in Figs. 7 and 8. First in
Fig. 7, the pixel operation is in low capacitance (high gain) mode. This mode
would be used in low light level conditions. The photodiode 207 has collected a
small amount of photo-generated charge. In this case, it is desired to have the
minimum floating diffusion 200 capacitance. To lower the capacitance,
transistors 201 and 203 are turned off. It is noted, for clarity, that n+ doping 202
(diffusion) exists to form transistors 201 and 203. When the amount of photo-
generated charge is measured the transfer gate 206 pulses on and then off to cause

the transfer of charge from the photodiode 207 to the floating diffusion 200. The



10

15

20

25

30

WO 2008/088879 PCT/US2008/000689

new voltage on the floating diffusion 200 is sampled through the output 204 and
row select 205 transistors (as shown in Fig. 6). After the output is sampled,
turning on both transistors 201 and 203 connects the floating diffusion to the VDD
power to supply reset for the floating diffusion.

High capacitance (low gain) mode is illustrated in Fig. 8. In this
case, the photodiode 207 has been exposed to bright light and has collected a large
amount of photo-generated charge. This amount of charge would not fit on the
floating diffusion node 200 in the low capacitance mode of Fig. 7. Therefore, in
Fig. 8, the transistor 201 is turned on so now charge can spread out under the
transistor gate 201 and the diffusion 202 also becomes part of the expanded
floating diffusion. When charge is transferred from the photodiode 207 to the
expanded floating diffusion, it fits onto the higher capacitance floating diffusion.
The expanded floating diffusion is reset by pulsing the transistor 203 on and off.

Fig. 9 illustrates how the present invention can be applied to other
types of pixels. Fig. 9 is a pixel with two photodiodes 210 and 211 connected by
transfer gates to the floating diffusion 212. The invention places two reset
transistors 213 and 214 in series to provide capacitance control of the floating
diffusion 212. Hence, it is possible to apply the present invention to every pixel
type having a floating diffusion connected to one or more transfer gates, one
output transistor, and one reset transistor. The present invention replaces the reset
transistor of a prior art pixel by two or more transistors placed in series between
the floating diffusion and reset power supply node.

Fig. 10 illustrates how it is possible to have more than two levels of
floating diffusion capacitance control by placing more than two reset transistors
215,216, and 217 in series. The number of difference capacitance combinations
in this case is equal to 2. For an arbitrary number of reset transistors, the number
of capacitance combinations is N-1 where N is the number of reset transistors. It
is also possible to replace transistor 216 by a set of transistors in parallel instead
of in series. Placing the transistors in parallel would allow for a greater number of

capacitance combinations than if they were all in series.
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Fig. 11 shows a CMOS active pixel image sensor 300 of the
present invention having a pixel 208 of the present invention employing pixel
level floating diffusion capacitance (or gain) control. The basic component of the
image sensor 300 is the array of photosensitive pixels 208. The row decoder
circuitry 305 selects an entire row of pixels 208 to be sampled by the correlated
double sampling (CDS) circuitry 325. The analog-to-digital converter 315 scans
across the column decoders and digitizes the signals stored in the CDS. The
analog-to-digital converter 315 may be of the type that has one converter for each
column (parallel) or one high-speed converter to digitize each column serially.
The digitized data may be directly output from the image sensor or there may be
integrated image processing 320 for defect correction, color filter interpolation,
image scaling, and other special effects. The timing generator 310 controls the
row and column decoders to sample the entire pixel array or only a portion of the
pixel array.

Fig. 12 shows the image sensor 300 employing a pixel level
floating diffusion capacitance control in an electronic imaging system, preferably

a digital camera 400.
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PARTS LIST
100 image sensor
105  row decoder circuitry
110 timing generator
115  analog-to-digital converter
120 integrated image processing
125  correlated double sampling (CDS) circuitry
130  array of photosensitive pixels
150  reset transistor
151  photodiode
152 transfer transistor
153  output transistor
154  row select transistor
155 floating diffusion node
160  floating diffusion
161  capacitor
162  floating diffusion
163  capacitor
165 “dangling” transistor/transistor gate
166  floating diffusion
167  reset transistor/transistor gate
168 transistor gate
169 transistor gate
200 floating diffusion
201  reset transistor/transistor gate
202  diffusion
203  secondary reset transistor
204  output signal transistor
205  row select transistor
206  transfer transistor/gate
207  photodiode

PCT/US2008/000689
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208  pixel/array of pixels
210  photodiode
211  photodiode
212 floating diffusion
213 reset transistor
214  reset transistor
215  reset transistor
216  reset transistor
217  reset transistor
300 image sensor
305 row decoder circuitry
310 timing generator
315 analog-to-digital converter
320 integrated image processing
325  correlated double sampling (CDS) circuitry
400 electronic imaging system (digital camera)

PCT/US2008/000689
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CLAIMS:

1. Animage sensor having a plurality of pixels;

each pixel comprises:

(a) one or more photosensitive elements that collect charge in
response to incident light;

(b) one or more transfer mechanisms that respectively transfer the
charge from the one or more photosensitive elements;

(c) a charge-to-voltage conversion region having a capacitance, and
the charge-to-voltage region receives the charge from the one or more
photosensitive elements;

(d) a first reset transistor connected to the charge-to-voltage
conversion region; and

(e) a second reset transistor connected to the first reset transistor,
which in combination with the first reset transistor, selectively sets the capacitance

of the charge-to-voltage conversion regions from a plurality of capacitances.

2. The image sensor as in claim 1, wherein the first and second

reset transistors are connected in series.

3. The image sensor as in claim 2 further comprising a third

transistor connected either in series or parallel to the second transistor for further

selectively setting the capacitance of the charge-to-voltage conversion regions

from a plurality of capacitances.

4. The image sensor as in claim 2 further comprising one or more
third transistors connected either in series or parallel to the first transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

-10 -
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5. The image sensor as in claim 1, wherein the charge-to-voltage

conversion region is a floating diffusion.

6. The image sensor as in claim 5, wherein the first and second

reset transistors are connected in series.

7. The image sensor as in claim 6 further comprising one or more
third transistors connected either in series or parallel to the second transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

8. The image sensor as in claim 6 further comprising one or more
third transistors connected either in series or parallel to the first transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

9. A camera comprising:

an image sensor having a plurality of pixels;

each pixel comprises:

(a) one or more photosensitive elements that collect charge in
response to incident light;

(b) one or more transfer mechanisms that respectively transfer the
charge from the one or more photosensitive elements;

(c) a charge-to-voltage conversion region having a capacitance, and
the charge-to-voltage region receives the charge from the one or more
photosensitive elements;

(d) a first reset transistor connected to the charge-to-voltage
conversion region; and

(e) a second reset transistor connected to the first reset transistor,
which in combination with the first reset transistor, selectively sets the capacitance

of the charge-to-voltage conversion regions from a plurality of capacitances.

-11 -



WO 2008/088879

10

15

20

25

30

10. The camera as in claim 9, wherein the first and second reset

transistors are connected in series.

11. The camera as in claim 10 further comprising a third transistor

connected either in series or parallel to the second transistor for further selectively

setting the capacitance of the charge-to-voltage conversion regions from a

plurality of capacitances.

12. The camera as in claim 10 further comprising one or more
third transistors connected either in series or parallel to the first transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

13. The camera as in claim 9, wherein the charge-to-voltage

conversion region is a floating diffusion.

14. The camera as in claim 13, wherein the first and second reset

transistors are connected in series.

15. The camera as in claim 14 further comprising one or more
third transistors connected either in series or parallel to the second transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

16. The camera as in claim 14 further comprising one or more
third transistors connected either in series or parallel to the first transistor for
further selectively setting the capacitance of the charge-to-voltage conversion

regions from a plurality of capacitances.

-12 -
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