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PHOTODETECTING IMAGER DEVICES HAVING CORRELATED
DOUBLE SAMPLING AND ASSOCIATED METHODS

BACKGROUND

L

The interaction of Hght with semiconductor materials has been an important
innovation. Silicon imaging devices are used in various technologies, such as digital
cameras, optical mice, video cameras, cell phones, and the like. Charge-coupled
devices {CCDs) were widely used in digital imaging, and were later improved upon
by complementary metal-oxide-semiconductor (CMOS) imagers having increased
10 performance. CMOS sensors are typically manufactured from silicon and can covert
vistble incident light into a photocurrent and ultimately wnto a digital 1mage. Silicon-
based technologies for detecting infrared incident electromagnetic radiation have been
problematic, i part, because silicon s an ndirect bandgap semiconductor having a
bandgap of about 1.1eV. Thus, the absorption of electromagnetic radiation having

15 wavelengths of greater than about 1100 nm s, therefore, very low 1n silicon.

SUMMARY
The present disclosure provides transistor pixel devices, irnagers, and
associated methods. In one aspect, for example, a transistor pixel device can inchade
20 aphotodiode coupled to a floating diffusion region, a storage node, and a power
supply, wherein the floating diffusion region is coupled between the photodiode and
the power supply. The device can also include a first global transfer transistor
coupled between the photodiode and the floating diffusion region for gating between

the photodiode and the floating diffusion region and a secound global transter transistor

N3
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coupled between the floating diffusion region and the storage node for gating between
the floating diffusion region and the storage node. A global reset select transistor can
be coupled between the floating diffusion region and the power supply, wherein an
open state of the global reset select transistor prevents accumulation of electrical
charge at the photodiodes. Additionally, a source follower transistor can be coupled
30 to the tloating diffusion region and to the power supply, where the source follower is
operable to recetve electrical signal from the floating diffusion region. In another
aspect, the device can further include an optional row select transistor coupled to the
source follower transistor, wherein the row select transistor 1s operable to read out

signal from a row of pixel devices.
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In another aspect, a photodiode imager device is provided. Such a device can
include a plurality of transistor pixel devices, as described above for example,
arranged into a plurality of rows, where the first global transistors from the plurality

of transistor pixel devices are electrically coupled together, the second global

L

transistors from the plurality of transistor pixel devices are electrically coupled
together, and the global reset select transistors {rom the plurality of transistor pixel
devices are electrically coupled together. In some aspects, each transistor pixel device
18 a five transistor pixel device including a row select transistor coupled to the source
follower transistor. In one aspect, the device has a structure that is operable to
10 provide correlated double sampling. In another aspect, the device has a structure that
is operable o provide anti-bloowming protection. In yet another aspect, the device has
a structure that is operable to provide correlated double sampling and anti-blooming
protection.
In vet another aspect of the present disclosure, a method is provided of timing
15 aphotodiode tmager device, such as has been described for example, to function ina
global shutter mode. Such a method can include pulsing first global transfer
transistors and global reset select fransistors to a high state then to a low state to reset
the photodiodes and start integration, and terminating integration by pulsing global
resct select transistors to a high state then to a low state and setting second global
20 transfer transistors o a high state to reset the storvage node to a first voltage level
corresponding to a low power supply sctting. The method can further include setting
first global transter transistors to a high state while second global transfer trausistors
are set to high substantially at the same time to globally transfer electrical charge from

the tloating diffusion regions to the storage nodes, and reading out the clectrical
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e

charge in sach of the plurality of rows using row select traunsistors.

Such a mucthod can turther include correlated double samphing of the read out
of the electrical charge in each of the plurality of rows. In one aspect, the correlated
double sampling includes setting the global reset select transistor of a row being read
to a high state and setting the power supply to a high power supply setting to set the
30 fleating diffusion regions to the high power supply setting in the row being read, and
reading the electrical charge in the floating diffusion regions and obtaining a first
electrical charge value. The method can further include setting the second transfer
global transistor of the row being read to a high state to transfer clectrical charge in

the storage nodes to the floating diffusion regions of the row being read, reading the
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electrical charge in the floating diffusion regions and obtaining a second clectrical
charge value, and sobtracting the second clectrical charge value from the first
clectrical charge value to obtain a correlated double sampling output.

Additionally, reading out the electrical charge 1n each of the plurality of rows
R =

L

includes anti-blooming protection. In one aspect, anti-blooning protection further

includes setting the global reset select transistors and the first global transter

transistors to an (N state for rows that are not in integration or readout to provide
anti-blooming protection, and selecting a row to be read. The method further includes
disconnecting the row select transistor and the first global transistor from the anti-

10 blooming protection for the row to be read, setting the row select transistor to a high
state for the row to be read and reading the electrical charge i the row to be read, and
resetting the row select transistor and the first transfor global transistor back to the
anti-blooming state for the row that was read.

In vet another aspect of the present disclosure, a method is provided of timing

15 aphotodiode tmager device, such as has been described for example, to function ina
global shutter mode. Such a method can include pulsing first global transfer
transistors and global reset select fransistors to a high state then to a low state to reset
the photodiodes and start integration, and terminating integration by pulsing global
resct select transistors to a high state then to a low state and setting second global

20 transfer transistors o a high state to reset the storvage node to a first voltage level

corresponding to a low power supply sctting. The method can further include setting

first global transter transistors to a high state while second global transfer trausistors
are set to high substantially at the same time to globally transfer electrical charge from

the tloating diffusion regions to the storage nodes, and reading out the clectrical
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charge in sach of the plurality of rows.

In one specific aspect, reading out the clectrical charge in cach of the plurality
of rows further includes selecting a row to be read, setting the global reset select
transter transistor for the selected row to high, and setting the power supply to a
sufficiently low setting to reset the foating diffusion region of the selected row to

30 substantially 0.0V to turn off the source follower transistor of the selected row.

BRIEY DESCRIPTION OF THE DRAWINGS

For a tuller understanding of the nature and advantage of the present

disclosure, reference is made to the following detailed deseription of embodiments

(%)
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herein in connection with the accompanying drawings, in which:
FIG. 118 a schematic of a CMOS 1mager of a prior art device;
FIG. 2 is a schematic of a CMOS imager of a prior art device;

FIG. 3 is a schematic of a CMOS imager of a prior art device;

L

FIG. 4 is a schematic of a 5T CMOS imager tn accordance with one aspect of
the present disclosure;
FI(3. 5 is a schematic view of ST imager array in accordance with another
aspect of the present disclosure;
FIG. 6 1s a flow diagram of a method of timing an imager array in accordance
10 with another aspect of the present disclosure;
FIG. 7 18 a timing sequence diagrarn for an imager array 1o accordance with
yet another aspect of the present disclosure;
FIG. 8 is a schematic of a 4T CMOS imager in accordance with a further
aspect of the present disclosure;
15 FIG. 9 1s a schematic view of 4T imager array 1 accordance with another
aspect of the present disclosure;
FIG, 10 1s a tlow diagram of a method of iming an imager array in accordance
with another aspect of the present disclosure; and
FIG. 11 is a timing sequence diagram for an imager array in accordance with

20 another aspect of the present disclosure.

DETAILED DESCRIPTION

Before the present disclosure is described herein, it is to be understood that

this disclosure 18 not limited to the particular structures, process steps, or materials

25 disclosed herein, but is extended to equivalents thereof as would be recognized by
those ordinarily skilled in the relevant arts. It should also be understood that
terminology employed herein 13 used for the purpose of describing particular
embodiments only and is not intended to be limiting.

39 Definitions

The following terminology will be used n accordance with the definitious set
forth below.
It should be noted that, as used 1 this specification and the appended claims,

the singular forms “a,” and, “the” can include plural referents unless the context
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clearly dictates otherwise. Thus, for example, reference to “a dopant” can include one
or more of such dopants and reference to “the layer” can maclude reference to one or
more of such layers.

As used heren, the terms “lght” and “electromagnetic radiation” can be used
farl

n

interchangeably and can refer to light or electromagnetic radiation in the ultraviolet,

vistble, near infrared, and infrared specira. The terms can further more broadly

include electromagnetic radiation such as radio waves, microwaves, x-rays, and

gamma rays. Thus, the term “light” is not limited to electromagnetic radiation in the

visible spectrum. Many examples of light described herein refer specifically to

10 electromagnetic radiation in the visible and infrared (and/or near infrared) spectra.
For purposes of this disclosure, visible range wavelengths are cousidered to be from
approximately 350nm to 800nm and non-visible wavelengths are longer than about
800nm or shorter than about 350 nm. The jufrared spectram wnclades a near infrared
portion of the spectrum including wavelengths of approximately 860 to 1100 nm, a

15 short wave infrared portion of the spectrum including wavelengths of approxamately
1100 nm to 3 micrometers, and a mid to long wave infrared (or thermal infrared)
portion of the spectrum mcluding wavelengths greater than about 3 mucrometers up to
about 30 micrometers. These are generally and collectively referred to herein as
“infrared” portions of the clectromagnetic spectrum unless otherwise noted.

20 As used herein, “quantum efficiency” (QFE}) 1s defined as the percentage of

photons incident on an optoelectronic device that are converted into clectrons.

External QF (EQE) is defined as the current obtained outside of the device per

incoming photon. As such, EQE therefore depends on both the absorption of photons

and the collection of charges. The EQE is lower than the QF due to recombination

N3
e

effects and optical losses {e.g. transmission and reflection losses).

As used herein, the terms “disordered surface” and “textured surface” can be
used interchangeably, and refer to a surface having a topology with nano- to miicron-
sized surface variations. Such a surface topology can be formed by the irradiation of
a laser pulse or laser pulses, chemical eiching, lithographic patterning, interference of
30 multiple simultancous laser pulses, or reactive ion etching. While the characteristics
of such a surface can be variable depending ou the matenials and techniques
employed, in one aspect such a surface can be several hundred nanometers thick and
made up of nanocrystallites (e.g. from about 10 to about 50 nanometers) and

nanopores. ln another aspect, such a surface can include micron-sized structures {(e.g.

i
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about 1 um to about 60 pm}. In yet another aspect, the surface can include nano-sized
and/or micron-sized stractures from about 5 nru and about 500 pm,
As used herein, the term “fluence” refers to the amount of energy from a

single pulse of laser radiation that passes through a unit area. In other words,

L

“fluence” can be described as the energy density of one laser pulse.

As used herein, the terms “surface modifying” and “surface modification”
refer to the altering of a surface of a semiconductor material using laser irradiation,
chemical etching, reactive 1on etching, hithographic patterning, ctc. In one specific
aspect, surface modification can include processes using primarily laser radiation or
10 laser radiation in combination with a dopant, whereby the laser radiation factlitates

the incorporation of the dopant into a surface of the semiconductior material.
Accordingly, i one aspect surface modification includes doping of a semiconductor
material,
Asused herein, the tern “target region” refers to an area of a semiconductor
15 material that 1s intended to be doped or surface modificd. The target region of a
semiconductor material can vary as the surface modifying process progresses. For
example, after a first target region is doped or surface modified, a sccond target region
may be selected on the same semiconductor material,
As used herein, the term “substantially” refers to the complete or nearly
20 complete extent or degree of an action, characteristic, property, siate, structure, item,
or result. For example, an object that is “substantially” enclosed would mean that the
object 1s either completely enclosed or vearly completely enclosed. The
exact allowable degree of deviation from absolute completeness may in some cases

depend on the specific context. However, gencrally speaking the nearness of

N3
e

completion will be so as to have the same overall result as if absolute and total
completion were obtained, The use of “substantially” is equally applicable when used
in a negative connotation to refer to the complete or near complete lack of an action,
characteristic, property, state, structure, item, or result. For example, a composition
that 18 “substantially free of” particles would either completely lack particles, or s0

30 nearly completely lack particles that the effect would be the same as if it completely
facked particies. lu other words, a composition that is “substantially free of” an
ingredient or element may still actually contain such iteny as fong as there is no

measurable effect thereof,



L

10

15

20

N3
e

30

WO 2012/088338 PCT/US2011/066626

As used herein, the term “about” is used to provide flexibility to a numerical
range endpoiut by providing that a given value may be “a little above” or “a little
below” the endpoint.

As used herein, a plurality of terus, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.
However, these lists should be construed as though cach member of the list is
individually identified as a separate and unique member., Thus, no individoal member
of such list should be construed as a de facto equivalent of any other member of the
same list solely based on their presentation in a common group without indications to
the contrary.

Concentrations, amounts, and other numerical data roay be expressed or
presented herein in a range format. It is to be understood that such a range format is
used merely for convenence and brevity, and thus should be interpreted {flexibly to
include not only the numerical values explicitly recited as the limits of the range, but
also to include all the individual numerical values or sub-ranges encompassed within
that range as if each numerical value and sub-range 13 explicitly recited. As an
thustration, a numerical range of “about 1 to about 57 should be mterpreted to include
not only the exphicitly recited values of about 1 to about 5, but also wclude mdividual
values and sub-ranges within the indicated range. Thus, included in this numerical
range are wndividual values such as 2, 3, and 4 and sub-ranges such as from 1-3, from
2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5, individually.

This same punciple applies to ranges reciting ouly one vumenical value as a
nrinimum or 8 maximum, Furthermore, such an interpretation should apply regardless

of the breadth of the range or the characteristics being described,

The Disclosure

The following disclosure relates to broadband photosensitive diodes, pixels,
and imagers capable of detecting visible as well as infrared light, inclading associated
methods of making such devices. To some aspects, a photosensitive device can
include a semiconductor substrate having multiple doped regions forming at least one
junction. In one aspect, the photoseunsitive device can further inchude at least one
textured region coupled to the semiconductor substrate and positioned to interact with

electromagnetic radiation. In some aspects, doped regions can include an n-type



L

10

15

20

N3
e

30

WO 2012/088338 PCT/US2011/066626

dopant and/or a p-type dopant, thercby creating a p-n junction. In other aspects, a
photoseunsitive device can include an -type region to forra a p-i-n junction.

In another aspect, a photosensitive pixel can inchude a semiconductor substrate
having multiple doped regions forruing at least one junction, at least one textured
region coupled to the semiconductor substrate and positioned to interact with
electromagnetic radiation, and an elcctrical transfer element coupled to the
semiconductor substrate and operable to transfer an electrical signal from the at least
ong junction. A photosensitive imager can include multiple photosensitive pixels.
Additionally, an electrical transfer element can tnelude a variety of devices, including
without limitation, transistors, transfer gates, MOSFETs, PMOK transfer gates, and
the like.

Photosensitive or photodetecting imagers include photodiodes or pixels that
are operable to absorb electromagnetic radiation within a given wavelength range.
Such imagers can be passive pixel sensors (PPS), active pixel sensors (APS), digital
pixel sensor imagers {(DPS), or the like, with one difference being the tmage sensor
read out architecture. For example, a semiconducting photosensitive imager can be a
three, four, five or six transistor active pixel sensor (3T, 47, 5T, or 6T APS). Devices
having greater than 6 transistors are also within the present scope.

Photosensitive imagers can be front side illumination (FSI) or back side
iltumination (BSI) devices. In a typical FST imager, 1ncident light enters the
semiconductor device by first passing by transistors and metal circuitry. The light,
however, scatters off of the transistors and circuitry prior to entering the light seusing
portion of the imager, thus causing optical loss and noise. A lens can be disposed on
the topside of a FSI pixel to direct and focus the incident light to the light sensing
active region of the device, thus partially avoiding the circuitry. BSI imagers, one the
other hand, are configured to have the light sensing portion of the device opposite the
transistor and circuitry. Incident light enters the device via the light sensing portion
and is mostly absorbed prior to reaching the circuitry. BSI designs allow for smaller
pixel architecture and a high fill factor for the 1mager. As mentioned, the devices
according to aspects of the present disclosure can be adapted for either configuration.
It should also be understood that devices according to aspects of the present
disclosure can be incorporated into complimentary metal-oxide-semiconductor

(CMQOS) imager architectures or charge-coupled device (CCDY) imager architectures.

jos)
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A photosensing imager, photodiode or pixel having enhanced quantum
efficiency 1o various wavelengths at least in the range of about 400 nm to about 1300
nm has been disclosed in U.S. Application No. 12/885,158, filed on September 17,
2010, and 1s incorporated herein by reference wn its entivety.

Many current CMOS image sensors operate in a rolling shutter mode to
capturc an image. In such a rolling shutier image scusor, cach pixel row starts
integration at different times. In situations involving movement, the visual image
may have moved between the time integration begins 1n the first row of pixels and the
time integration begins in the last row of pixels, resulting in motion artifacts. Thus
for many applications, a global shutter mode can be preferable. A global shutter
sensor differs from a rolling shutier in that every pixel in the pixel arvay staris
integration at the same time, thereby reducing or eliminating motion artifacts that
have previously been the result of integration tirne disparities.

In principle, a 4-transistor (4T} CMOS imager could be operated tn a global
shutter mode as shown in FIG. 1, The clements of the 4T CMOS pixel, as shown in
FIG. 1, include a photodiode (PD} 12, a transistor (TX) 13, a floating diffusion region
(FD) 14, areset (RST) 15, source follower (SF) 16, a row sclect {(RS) 17, a power
supply voltage for the pixel array (Vaapix) 18, and the voltage out (Vout) 19, Such an
architecture with this specific configuration, however, exhibits several disadvantages.
For example this 4T CMOS umager would not have anti-blooming protection, nor
would it be capable of correlated double sampling (CDS), and thus could have a
higher read noise floor, In addition, the imager would not be able to integrate and
read out a signal in parallel, thereby making it unsuitable for high speed applications.

Additionally, 5T pixel and 6T pixel global shutter architectures, as shown in
FiGs. 2 and 3, respectively, are another possibility. Note that all of the figures that
have common callout emumeration are considered to be substantially equivalent
elements, and thus may or may not be described separately in each figure. In FIG. 2,
a 5T CMOS pixel architecture can include some of the same clements as the 47
architecture in FIG. 1 with the addition of a global reset trausistor {(Global RST) 22
and a global transistor (Global TX) 24. The 5T pixel architecture can be operated in
a global shutter roode, and thus the mitegration and readout can be performed
simultaneously. However, the ST architecture shown in FIG. 2 cannot have CDS
operation because resetting the pixel resets the signal. As a result, the read noise will

be farge. In FIG. 3, a 67T pixel architecture is shown that is similar to the 5T pixel
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architecture of FIG. 2 with the addition of a storage node 32 and a first transistor
{(TX1) 34, Asshownin FIG. 3, this 6T architectare can have CDS operation.
However, due to the unique architecture, the photodiode fill factor of the 6T

architecture will be small. Additionally, another common issue {or traditional 5T and

L

6T pixel architectures is a possible higher dark current because two transistors are
directly connected to photodiode.
The present disclosure provides a pixel architecture that allows global shutter
functionality with anti-blooming protection, CDS operation, or both anti-blooming
protection and TS operation. Additionally, the pixel architecture can have a large
10 fill factor. In some aspects, the pixel architecture can have 5 transistors or 4
transistors, depending on the technique used to read out the pixel rows. In one aspect,
for example, a transistor pixel device can include a photodiode coupled to a floating
diffusion region, a storage node, and a power supply, wherein the floating diffusion
region i3 coupled between the photodiode and the power supply. The device can

15 further include a first global transfer transistor coupled between the photodiode and
the floating diffusion region for gating between the photodiode and the floating
diffusion region, a sccond global transfer transistor coupled between the floating
diffusion region and the storage node for gating between the floating diffusion region
and the storage node, a global reset select transistor coupled between the tloating

20 diffusion region and the power supply, wherein an open state of the global reset select

transistor prevents accumulation of electrical charge at the photodiodes, and source

follower transistor coupled to the foating diffusion region and to the power supply,

the source follower being operable 1o receive electrical signal from the floating

diffusion region. In some aspects, the device can further include a row sclect

N3
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transistor coupled to the source follower transistor, wherein the row select transistor is
operable to read out signal from a row of pixcl devices. As such, in one aspect the
device is a 5T imager. In another aspect, the device is a 4T imager.

In one aspect of the present disclosure, an example of a 5T imager ts shown in
FIG. 4. This global shutter mode 5T pixel can include a photodiode (P13 41, a first
30 global transfer transistor {Global TX1} 42, a second global transfer transistor
{Global TX2) 43, and a global reset select transistor (Global R8T) 44, The ST puxel
further includes a floating diffusion region (FD} 45 and a storage node (SN} 46. In
one aspect, the storage node 1s designed to have a similar capacitance as the floating

diffusion region. In another aspect, the storage node can be designed with the
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capability to transfer charge freely bi-directionally. The 57 pixel also includes a
source follower (8F) 47, a row select (RS) 48, a power supply voltage for the pixel
array { Vaapix} 49, and the voltage cut (Vout} 50. It should be noted that the size and

dimnensions of the global reset, transfer gate, transfer reset, as well as other elements

L

of the device can be adjusted to optimize performance.

In another aspect, an array of 5T pixels 1s provided to form & photodiode
imager device. Such a photodiode imager can include a phurality of transistor pixel
devices according to any aspect of the preseunt disclosure that are arranged into a
plurality of rows. In one aspect, the first global transfer transistors from the plurality
10 of transistor pixel devices are electrically coupled together, the second global transfer

transistors frow the plorality of transistor pixel devices are electrically coupled
together, and the global reset select transistors from the plurality of transistor pixel
devices are electrically coupled together. In ancther aspect, cach transistor pixel
device ts a 5T pixel device including a row select transistor coupled to the source
15 follower transistor. In another aspect, cach transistor pixel device 1s a 47 pixel device
that lacks a row select transistor. Both the 5T and 4T aspects have structures that are
operable to provide CDS, anti-blooming protection, or both CDS and anti-blooming
protection.
FIG. 5 shows an exemplary circuitry layout for an array of 5T pixels 52.
20 Specific details on cach ST pixel are shown n FIG. 4. As can be seen 1o FIG. 5, the
first global transfer transistors (Global TX1} are electrically coupled together 54, the
second global transfer transistors (Global TX2) are electrically coupled together S5,
and the global reset select transistors (Global RST) are electrically coupled together

56. The row select transistors (Row EN} are additionally electrically coupled

25 together 57 across each row of 57 pixels. Additionally, power is delivered to cach
pixel via a power source (Vaapix) 58, and the pixels each have a Vout 59. It should
be noted that additional circuitry layouts are considered to be within the present
scope, provided the functionality of the 5T pixel and the associated array can be
maintained.

36 In one aspect, the present disclosure provides a method of timing a photodiode

imager i 4 global shutter mode, such as the 5T umager described above. A flow
diagram for such a method is shown in FIG. 6. Accordingly, such a method can
include pulsing first global transfer transistors and global reset select transistors to a

high state then to a low state to reset the photodiodes and start integration 62,
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terminating integration by pulsing global reset select transistors to a high state then to
a low state and setting second global transfer trausistors to a high state to reset the
storage node to a first voltage level corresponding to a low power supply setting 64,
and setting first global transfer trausistors to a high state while second global transfer
transistors are set to high substantially at the same time to globally transfer electrical
charge trom the foating diffusion regions to the storage nodes 66. The method can
also include reading out the electrical charge in each of the phurality of rows using the
row select transistor 68, It should be noted that setting an clement to a high state or a
fow state can be any value sufficient to achieve the desired result, and can vary
depending on the power source, the specific architecture of the device, and the like.
Additionally, pulsing and elevuent 18 intended to include brietly setting an clement to a
high state or to a low state for a time sufficient to achieve a desired result.

As has been described, imagers according to the present disclosure can include
correlated double samphing (CDS). CDS is a techmique for measuring a signal that
allows for removal of an undesired offset and low frequency temporal noise {e.g. KTC
noise for CMOS pixel). The output signal is thus measured twice: once in a known
condition and once in an unknown condition. The value measured from the known
coundition is then subtracted from the unknown condition to generate a value with a
known relation to the physical quantity being measured. In one aspect, a CDS
operation can be performed on a row that is being read out from the imager. Such an
operation can inchude sctting the global reset select transistor of the row being read to
a high state and setiing the power supply to a high power supply setting to set the
floating diffusion regions to the high power supply setting in the row being read. Asa
non-limiting exaraple, the power supply can be increased from 2.8 V to a high power
supply setting of 3.1 V. The electrical charge in the floating diffusion regions can
then be read to obtain a first electrical charge value, The second transter global
transistor of the row being read can then be set to a high state to transfer electrical
charge in the storage nodes to the floating diffusion regions of the row being read.
Subsequently, the electrical charge in the floating diffusion regions can be read to
obtain a second electrical charge value. The second charge value can then be
subiracted from the fivst electrical charge value to obtain the CDS sampled output.

As has also been described, imagers according to the present disclosure can
include anti-blooming protection. Anti-blooming protection protects against saturated

pixels bleeding or overflowing into neighboring pixels. In one aspect, anti-blooming

-



WO 2012/088338 PCT/US2011/066626

protection can include sctting the global reset select transistors and the first global
transfer transistors to an ON state (or lngh state) for rows that are not in integration or
readout to thus provide anti-blooming protection across the imager array. A row is

selected to be read and the row select transistor and the first global transistor are

L

disconnected from the anti-blooming protection for that row. The row select

transistor is then set to a high state for the row 1o be read and the electrical charge in

the row ts then read. The row select transistor and the first transfer global transistor is

then set back to the anti-blooming state for the row that was read, and the process is

continued for a subsequent row.,

10 An exemplary timing diagram showing the functionality of a 5T imager array
in global shutter mode having CDS and anti-blooming protection 1s shown in FIG. 7.
Time in the diagram is flowing from left to right. As such, the pixel read out
operation from the array is described in the following steps. It should be noted that in
some aspects, the timing, order of operation, and other details can be varied from

15 what is described, provided sufficiently similar results from the pixel read out
operation are obtained.

I To start integration for all pixels in the array, all Global RST gates and
all Global TX1 gates in the array will be set to high for a time sufficient to reset all
photodiodes and begin integration.

20 2. At the end of mntegration, all Global RST gates and all Global TX2
gates will go high at substantially the same time. This will reset storage node to the
Vaapix setiing {e.g. 2.8 V). This will reset storage node (SN} 1o a lower voltage than
floating diffusion (FI3) (See FIG. 4).

3. Al Global RST gates are set to low while all Global TX2 gates
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rematn high.

4. AH Global TX1 gates are set to high to globally transfer all the
electrical charge from photodiode to the floating diffusion and then to the storage
node.

5. The read out will still be carried out 1n a row-by-row basis. During
30 read out, all Global RST gates and all Global TX1 gates will remain shightly high in
the rows vot being read to provide anti-blooming protection.

6. For a row being readout, its R8T gate and TX1 gate are disconnected
from the global anti-blooming operation. To read out a row, first, its RST gate will be

setto high. At substantially the same time, the power supply voltage for the pixel
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array (Vaapix) will be boosted to a higher voltage setting (Vaapix_boost)., Asone
non-limiting exawple, Vaapix can be set from its normal value of 28V 10 3.1 V. As
such, the floating diffusion (FD) will be set to the higher voltage setting {e.g. 3.1 V).

The electrical charge 1o the foating diffusion (FD) is then read as the first reading.

L

The TXZ gate of row being read with then be set to a high state to transfer the

electrical charge from the storage node (SN} back to the floating ditfusion (FD). The

electrical charge is then read from the floating diffusion (FD) as the second reading,.

The second reading s then subtracted from the first reading to obtain the integrated

value for that pixel. This will finish the CDS operation, and the R8T and TX1 gates

10 of current row will go back to high and remain at high for anti-blooming purpose. As
such, anti-blooming is briefly wnterrapted during current row sampling.

As has been described, the storage node can be designed to have a similar
capacitance as floating diffusion. Furtheroore, o one aspect the TX2 transfer gate
can be engineered so that the charge can be transferred freely in both directions. This

15 can be beneficial to facilitate lag-free operation of the pixels. Such an array can
provide low read noise with CDS operation, good anti-blooming protection during
read out, low dark current since only one transfer gate is connected to photodiode, and
1s suitable for scaling down for large format sensors,

The present disclosure additionally provides, in one aspect, an example of a

20 4T imager that can be operated in global shutier mode, and has CDS operation and
anti-blooming protection. As is shown in FIG. 8, the global shutter 4T imager
inchudes a photodiode (PD3) 81, a first global transter trausistor {(Global TX1) 82, a
second global transfer transistor (Global TX2} 83, and a global reset select transistor

{Global RST) 84, The 4T pixel further includes a floating ditfusion region (FD) 85
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and a storage node (SN} 86, In one aspect, the storage node 1s designed to have a
simtlar capacitance as floating diffusion region. The 4T pixel also includes a source
follower (SF) &7, a power supply voltage for the pixel array (Vaapix) 89, and the
voltage out {(Vout) 90, but does not include a row select (RS).

In another aspect, an array of 47T pixels s provided to form a photodiode
30 imager device. Such a photodiode imager can include a plurality of transistor pixel
devices according to any aspect of the preseut disclosure that are arvanged into a
plurality of rows. In one aspect, the first global transfer transistors from the plurality
of transistor pixel devices are electrically coupled together, the second global transfer

transistors from the plurality of transistor pixel devices are electrically coupled
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together, and the global reset select transistors from the plurality of transistor pixel
devices are clectrically coupled together. The 4T 1mager has a structure that s
operable to provide CDS, anti-blooming protection, or both CDS and anti-blooming
protection.

FIG. 9 shows an exemplary circuitry layout for an array of 47 pixels 92.
Specific detatls on cach 4T pixel are shown i FIG. 8. As can be seen in FIG. 9, the
first global transfer transistors (Global TX1} are electrically coupled together 94, the
second global transfer transistors (Global TX2) are electrically coupled together 95,
and the global reset select transistors (Global RST) are electrically coupled together
96. Additionally, power is delivered to cach pixel via a power source (Vaapix) 98,
and the pixels cach have a Vout 99, Tt should be noted that additional civeuitry
layouts are considered to be within the present scope, provided the functionality of the
4T pixel and the associated array can be maiutained.

In one aspect, the present disclosure provides a method of timing a photodiode
imager in a global shutier mode, such as the 4T imager described above that lacks a
row select transistor. A flow diagram for such a method is shown in FIG. 10,
Accordingly, such a method can inclade pulsing first global transfer transistors and
global reset select transistors (o a high state then to a low state to reset the
photodiodes and start integration 102, terminating integration by pulsing global reset
select trausistors 1o a high state then to a low state and setiing second global transfer
transistors to a high state to reset the storage node to a first voltage level
corresponding to a low power supply seiting 104, and setting first global transfer
transistors to a high state while second global transfer transistors are set to high
substantially at the same time to globally traunsfer clectrical charge trom the floating
diffusion regions to the storage nodes 106, The method can also include reading out
the clectrical charge n each of the plurality of rows 108, It should be noted that
setting an element to a high state or a low state can be any value sufficient to achieve
the desired result, and can vary depending on the power source, the specific
architecture of the device, aud the like. Additionally, pulsing and element 15 intended
to inciude briefly setting an clement to a high state or to a low state for a time
sufficient to achieve a desired result,

The 47 imager array can be read out according to any known technique that
does not include a row sclect transistor. In one aspect, for example, anti-blooming

protection can be disabled for a selected row to be read, and the Global RST is setto
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high for that row. Following reading out of the selected row, the power supply is set
to a sufficiently low setting to reset the floating diffusion region of the selected row to
substantially 0.0V to thus turn off the source follower transistor of the selected row.
Anti-blooming is then reactivated for that row and the next row to be read is selected
and the process is repeated. However, it can be beneficial during anti-blooming
protection to turn on the Global RST slightly to ensure that the floating diffusion
voltage is well below the threshold voltage of source follower gate. This will ensure
that the source follower gate will remain OFF and won’t affect the read out,

An exemplary timing diagram showing the functionality of a 4T imager array
in global shutter mode having CDS and anti-blooming protection is shown in FIG. 11.
Tivoe 1u the diagram s Howing from left to right. The pixel operation tirming is very
similar to what was described in the timing diagram shown in FIG. 7, except for the
end of row sampling operation afier CDS. In this case the RST gates of the selected
row will be high while the power supply is set to a sufficiently low setting (i.e. Vaapix
is 0.0 V) to reset the floating diffusion (FD) to substantially 0.0V, which will
effectively turn off the source follower (8F) gates of current row. In this manner, a
“no-row-seicct pixel” timing is generated.

o addition, for all imager architectures according to aspecis of the present
disclosure, the location and dimensions of the floating diffusion region and transfer
gates can affect the imager and/or pixel performance. For large pixels, for example,
the distance from the edge of the transfer gate to the farthest corner of the photo-diode
can atfect the efficiency of charge transter. The charge transfer can be less efficient
as this distance increases. As the fleating diffusion area is minimized, the
corresponding capaciiance is lower (partially offset by the larger parasitic component
from the metal connections) and conversion gain is maximized.

The present architectures can be utilized with various pixels, photodiodes, and
imagers, and as such, the present scope is not limited according to a particular
photosensitive device. in some aspects, however, the various devices can be utilized
with photosensitive devices that exhibit fncreased guantum efficiency over traditional
photosensitive devices. An increase in the quantum efficiency can result in a large
difference n the sigual to noise ratio of the device. More coraplex structures can
provide not only increased quantum effictency but also good uniformity from pixel to
pixel. In addition, such devices of the present disclosure exhibit increased

responsivity as compared to traditional photosensitive devices. For example, in one
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aspect the responsivity can be greater than or equal to 0.8A/W for wavelengths greater
than 1000 nm {or semiconductor subsirate that is less than 100 pm thick.

Photosensitive imagers can be maintained under constant conditions (fixed
voltage or current) to provide enhanced hnearity and uniformity. Counections
between the imager and the underlying device layers can be achieved using vias
fabricated from a refractory metal, such as tungsten or tantalum. Placing storage
elements under the imager may also provide various photonic benefits. For example,
the entire pixel array may be dedicated to signal processing. This may enable higher
performance by permitting access to low level pixel signals. Furthermore, massively
parallel operations can be performed by pixel processors. For example, analog to
digital conversion, noise reduction (i.e., true correlated double sampling), power
conditioning, ncarest neighbor pixel processing, compression, fusion, and color
multiplexing operations can be performed.

Regarding the photodiodes, a variety of semiconductor materials are
contermplated for use with such devices, Non-limiting examples of such
semiconductor materials can include group 1V materials, compounds and alloys
comprised of materials from groups I and VI, compounds and allovs comprised of
waterials from groups I and V, and combinations thereof. More specifically,
exemplary group 1V materials can include silicon, carbon {¢.g. diamond), germanium,
and combinations thereof, Various exemplary combinations of group 1V materials
can inchade silicon carbide (SiC) and silicon germanium (81Ge). In one specific
aspect, the sermiconductor material caun be or inchude silicon. Exemplary silicon
materials can inchide amorphous silicon (a-51), microcrystalline silicon,
multicrystalline silicon, and monocrystalline silicon, as well as other crystal types, In
another aspect, the semiconductor material can include at least one of silicon, carbon,
germanium, aluminum nitride, galbiur nitride, mdium gallium arsenide, aluminum
gallium arsentde, and combinations thereof.

Exemplary combinations of group 1-V{ materials can include cadmimm
selenide (CdSe), cadrmum sulfide (CdS), cadmivm telluride (CdTe), aine oxide
{(Zn(}, zinc selenide (ZnSe), zinc sulfide (ZnS), zinc telluride (ZnTe), cadmium zine
tetluride (CdZnTe, CAT), mercury cadmium tellunide (HgCUdTe), mercury zine
telluride (HgZnTe), mercury zine selenide (HgZn8e), and combinations thereof.

Exemplary comnbinations of group I-V matenals can include aluminum

antimonide (AlSb), alunyinum arsenide {AlAs), aluminum nitride (AIN), aluminum

~J
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phosphide (AlP}, boron nitride (BN}, boron phosphide (BP), boron arsenide {BAs),
gallium antimonide {GaSh), gallium arsenide (GaAs), gallium nitride (GalN}, gallium
phosphide (GaP), indium antimonide (InSb), indium arsenide (InAs), indium nitride
(N}, indium phosphide (InP), alurainum galliom arsenide (AlGaAs, AlkGal-xAs),
indiun gallium arsenide (InGaAs, loxGal-xAs), indium gallivm phosphide (InGaPy},
aluminum indium arsenide (AllnAs), aluminum indium antimonide (AllnSb), gallium
arsenide mitride {(GaAsN), gallium arsenide phosphide (GaAsP), aluminum gallium
nitride (AlGaN), aluminom gallium phosphide (AlGaP), indium gallium nitnde
{InGaN}, indium arsenide antimonide (InAsSb}, indium gallium antimonide (In(zaSh),
aluminum gallium indium phosphide (AlGalnP), aluminum galifum arsenide
phosphide (AlGaAsP), indium galliom arsenide phosphide (InGaAsP), aluminum
indium arsenide phosphide (AlinAsP), aluminum galiium arsenide nitride
{AlGaAsN), mdium galhum arsenide nitride (InGaAsN), indium alominum arsenide
nitride (InAlAsN}, gallium arsenide antimonide nitride ((GaAsSbN}, gallium indium
nitride arsenide antimmonide (GaluNAsSb), gallium mndinm arsenide antimonide
phosphide (GalnAsSbP), and combinations thereof.

Furthermore, the semiconductor material can be of any thickness that allows
clectromagnetic radiation detection and conversion functionality, and thus any such
thickness of semiconductor material is considered to be within the present scope. In
sorue aspects a textured region can be applied to the semiconductor material to
increase the efficiency of the device such that the semiconductor material can be
thinner thau has previously been possible. Decreasiog the thickness of the
semiconductor reduces the amount of the often costly semiconductor material
required to make such a device. In one aspect, for example, the semiconductor
material has a thickness of from about 530 nm to about 50 um. In another aspect, the
sermconductor material has a thickness of less than or equal to about 500 ym. In yet
another aspect, the semiconductor material has a thickness of from about 2 pm to
about 10 pm. In a further aspect, the semiconductor material can have a thickness of
from about 5 pw to about 750 um. In yet a further aspect, the semiconductor material
can have a thickness of from about 5 pm to about 100 um.

Additiovally, various types of semiiconductor material are conteruplated, and
any such material that can be incorporated into an electromagnetic radiation detection
device 1s considered to be within the present scope. In one aspect, for example, the

semiconductor material is monocrystalline. In another aspect, the semiconductor
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material is multicrystalline. In yet another aspect, the semiconductor material is
microcrystatline. It 1s also conteruplated that the sermiconductor material can be
amorphous. Specific nonlimiting examples include amorphous silicon or amorphous

selentum.

L

Omne effective method of producing a textured region is though laser
processing. Such laser processing allows discrete locations of the semiconductor
substrate to be textured. A variety of techniques of laser processing to form a textured
region are conternplated, and any technique capable of forming such a region should
be considered to be within the present scope. Laser treatment or processing can
10 allow, among other things, cnhanced absorption properties and thus increased
electromagnetic radiation focusing and detection. The laser treated region can be
associated with the surface nearest the impinging electromagnetic radiation, or the
faser treated surface can be associated with a surface opposite wn relation to imupinging
electromagnetic radiation, thereby allowing the radiation to pass through the

15 semiconductor material betore it hits the laser treated region.

In one aspect, for example, a target region of the semiconductor material can
be trradiated with laser radiation to form a textured region. Examples of such
processing have been described in further detail 1o U.S. Pateunts 7,057,256, 7,354,792
and 7,442,629, which are incorporated herein by reference in their entireties. Briefly,

20 asur{ace of a semiconductor material is rradiated with laser radiation to form a
textured or surface modified rogion. Such laser processing can occur with or without
a dopant material. In those aspects whereby a dopant is used, the laser ¢an be directed
through a dopant carrier and onto the semiconductor surface. In this way, dopant

from the dopant carrier 18 introduced into the target region of the semiconductor
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material. Such a region incorporated into a semiconductor material can have various
benefits in accordance with aspects of the present disclosure. For example, the target
region typically has a textured surface that increases the surface area of the laser
treated region and increases the probability of radiation absorption via the
mechamsrs described herern. o one aspect, such a target regiou s a substantially
30 textured surface including micron-sized and/or nano-sized surface features that have
been generated by the laser texturing. o another aspect, irradiating the surface of
semiconductor material includes exposing the laser radiation to a dopant such that
irradiation incorporates the dopant into the semiconductor. Various dopant materials

are known in the art, and ar¢ discussed in more detail herein.
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Thus the surface of the semiconductor material is chemically and/or
structarally altered by the laser treatment, which roay, in some aspects, result in the
formation of surface features appearing as microstructures or patterned areas on the
surface and, i a dopant is used, the incorporation of such dopants into the
semiconductor material. In some aspects, the features or microstructures can be on
the order of 50 wm to 20 pm n size and can assist in the absorption of clectromagnetic
radiation. In other words, the textured surface can increase the probability of incident
radiation being absorbed by the semiconductor material.

The type of laser radiation used to surface modify a semiconductor material
can vary depending on the material and the intended modification, Any laser
radiation known w1 the art can be used with the devices and methods of the present
disclosure. There are a number of laser characteristics, however, that can affect the
surface modification process and/or the resulting product jucluding, but not fumited to
the wavelength of the laser radiation, pulse width, pulse fhuence, pulse frequency,
polarization, laser propagation direction relative to the sermconductor material, cte.

In one aspect, a laser can be configured to provide pulsatile lasing of a semiconductor
material. A short-pulsed laser 1s one capable of producing femtosecond, picosecond
and/or nanosecond pulse durations. Laser pulses can have a central wavelength in a
range of about from about 10 nm to about 8 um, and more specitfically from about 200
nm to about 1200 ur. The pulse width of the Jaser radiation can be in a ravge of from
about tens of femtoseconds to about hundreds of nanoseconds.  Inn one aspect, laser
pulse widths can be in the range of from about 30 femtoseconds to about 50
picoseconds. In another aspect, laser pulse widths are in the range of from about 50 to
500 femtoseconds,

The number of laser pulses irradiating a target region can be in a range of from
about 1 to about 2000. In one aspect, the number of laser pulses irradiating a
semiconductor target region can be from about 2 to about 1000, Further, the
repetition rate or frequency of the pulses can be selected to be in a range of from
about 10 Hz to about 10 uHz, or in a range of from about 1 kHz to about 1 MHz, orin
a range from about 10 Hz to about 1 kHz. Morcover, the fluence of cach laser pulse
can be in a range of from about 1 k/m” to about 20 ki/m”, or in a range of from about
3 kl/m” to about § ki/m”.

A varicty of dopant materials are contemplated, and any such material that can

be used in the laser treatment process to surface modify a semiconductor material
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according to aspects of the present disclosure is considered to be within the present
scope. It should be noted that the particular dopant utilized can vary depending on the
semiconductor material being laser treated, as well as the intended use of the resulting

sermconductor material, For example, the selection of potential dopants may differ

L

depending on whether or not tuning of the photosensitive device is desired.

A dopant can be either electron donating or hole donating. In one aspect, non-
Hmiting examples of dopant materials can include §, F, B, P, N, As, Se, Te, Ge, Az,
(3a, In, Sh, and combinations thercot, 1t should be noted that the scope of dopant
materials should inchide, not only the dopant materials themselves, but also materials
10 in forms that deliver such dopants (i.c. dopant carriers). For exampie, S dopant

materials inclades not ouly S, but also any material capable being used to dope S 1uto
the target region, such as, for example, HyS, SFy, SO, and the like, including
combinations thereof, In one specific aspect, the dopant can be 8. Sulfur can be
present at an ion dosage level of between about 5 x 10" and about 1 x 10! jons/em”.
15 Non-hmiting examples of fluorine-containing compounds can inchude CIF;, PFs, Fy
SFe, BF;, GeFy, WFs, SiFy, HE, CFy, CHE;, CHaFa, CH3F, CoFs, CoHFs, UsFg, CaFs,
NFs, and the bike, including combinations thereof. Noun-limiting exarmples of boron-
containing compounds can include B{CH;);, BF;, BCh, BN, CBioHio, borosilica,
B,He, and the like, including combinations thereof, Non-limiting examples of
20 phosphorous-contaiming compounds can include PFs, PHs, and the hke, including
combinations thereof, Non-Himiting examples of chiorine-containing compounds can
meclude Cly, SiH,CL, HCL SiCly, and the bike, inclading combinations thereof,
Dopants can also include arsenic-containing compounds such as AsH; and the like, as

well as antimnony-containing corapounds. Additionally, dopant materials can include
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mixtures or combinations across dopant groups, 1.€. a sulfur-containing compound
mixed with a chlorine-containing compound.  In one aspect, the dopant material can
have a density that is greater than atr. In one specific aspect, the dopant material can
include Se, H,S, SFs, or mixtures thercof. In yet another specific aspect, the dopant
can be SFy and can have a predetermined concentration range of about 5.0 x s

30 mol/em’ to about 5.0 x 10™ mol/em’. SF gas is a good carrier for the incorporation
of sulfur mto the semiconductor matenial via a laser process without significant
adverse effects on the semiconductor material. Additionally, it is noted that dopants

can also be liquid solutions of n-type or p-type dopant materials dissolved ina
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solution such as water, alcohol, or an acid or basic solution. Dopants can also be solid
materials applied as a powder or as a suspension dried onto the water,
The semiconductor substrate can be anncaled for a variety of reasons,

inchading dopant activation, semiconductor matenal repair, and the hike. In those

L

aspects including a laser textured region, the semiconductor material can be annealed
prior to laser treatment, following laser treatment, during laser treatroent, or both prior
to and following laser treatment. Annealing can enhance the semiconductive
propertics of the device, including increasing the photoresponse propertics of the
semiconductor materials. Additionally, annealing can reduce damage done by the
10 lasing process. Although any known annecal can be beneficial and would be
considered to be within the preseut scope, anncaling at lower temperatures can be
particularly useful. Such a “low temperature” anneal can greatly enhance the
photoconductive gain and external quantum efficiency of devices utilizing such
materials. In one aspect, for example, the semiconductor material can be annealed to
15 atemperature of from about 3007 C to about 1100 C° In another aspect, the
semiconductor material can be annealed to a temperature of from about 560° C to
about 900° C. In yet another aspect, the semiconductor material can be annealed to a
temperature of from about 700° C to about 800° €. In a further aspect, the
semiconductor material can be annealed to a tomperature that is less than or equal to
20 aboul 850° C,
Of course, it is to be understood that the above-described arrangements are
only tlustrative of the application of the principles of the present disclosure,
Numerous modifications and alternative arrangements may be devised by those

skilled in the art without departing from the spirit and scope of the present disclosure
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and the appended claims are intended to cover such modifications and arrangements.
Thus, while the present disclosure has been deseribed shove with particularity and
detail in connection with what is presently deemed to be the most practical
embodiments of the disclosure, it will be apparent to those of ordinary skill in the art
that numerous modifications, including, but not limited to, variations i size,

30 materials, shape, form, function and manner of operation, assembly and use may be

made without departing from the principles and concepts set forth herein,
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CLAIMS

What is claimed is;

1. A transistor pixel device, comprising:

a photodiode coupled o a floating diffusion region, a storage node, and &
power supply, wherein the floating diffusion region ts coupled between the
photodiode and the power supply;

a first global transfer transistor coupled between the photodiode and the
floating diffusion region for gating between the photodiode and the floating diffusion
region;

a second giobal transfer transistor coupled between the floating diffusion
region and the storage vode {or gating between the floating diffusion region and the
storage node;

a global reset select transistor coupled between the foating diffusion region
and the power supply, wherein an open state of the global reset select transistor
prevents accumulation of electrical charge at the photodiodes; and

a source follower transistor coupled to the Boating diffusion region and to the
power supply, the source follower being operable 1o receive electrical signal from the

floating diffusion region.

2. The device of claim 1, further compnising a row select transistor coupled to the
source followser transistor, wherein the row select transistor is operable to read out

signal from a row of pixel devices,

3. A photodiode imager device, comprising:

a plarality of the transistor pixel devices of claim [ arranged into a plurality of
rows, wherein the first global transfer transistors from the plurality of transistor pixel
devices are electrically coupled together, the second global transter trausistors from
the plurality of transistor pixel devices are electrically coupled together, and the
global reset select transistors from the plurality of transistor pixel devices are

electrically coupled together.
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4. The device of claim 3, wherein each transistor pixel device is a five transistor pixel

device including a row select transistor coupled to the source follower traunsistor,

5. The device of claim 3, wherein the device has a structure that is operable to

provide correlated double sampling.

6. The device of claim 3, wherein the device has a structure that is operable to

provide anti-blooming protection.

7. The device of claim 3, wherein the device has a structure that is operable to

provide correlated double sampling and anti-blooming protection.

8. A method of timing the photodiode imager device of claim 4 to function o a
global shutter mode, comprising:

pulsing first global transfer transistors and global reset select transistors to a
high state then to a low state to reset the photodiodes and start integration;

terminating integration by pulsing global reset select transistors to a high state
then 1o a low state and setting second global transfer transistors to a high state o reset
the storage node to a first voltage level corresponding to a low power supply setting;

setting first global transfer transistors to a high state while second global
transfer transistors are set to high substantially at the same time to globally transfer
clectrical charge from the Boating diffusion regions o the storage nodes; and

reading out the electrical charge in each of the phurality of rows using the row

sclect transistor,

9. The method of claim 8, wherein reading out the electrical charge in cach of the

plurality of rows further includes correlated double sampling.

10. The method of claim 9, wherein the correlated double sampling further includes:
setting the global reset select transistor of a row being read to a high state and
setting the power supply to a high power supply setling to set the floating diffusion
regions to the high power supply setting in the row being read;
reading the clectrical charge in the floating diffusion regions and obtaining a

first electrical charge value,;
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setting the second transfer global transistor of the row being read to a high
state to transfer electrical charge in the storage nodes to the floating diffusion regions
of the row being read;

reading the electrical charge n the foating diffusion regions and obtaining a
second electrical charge value; and

subtracting the second electrical charge value from the first clectrical charge

value to obtain a correlated double sampling output.

11, The method of claim 8, wherein reading out the electrical charge in each of the

plurality of rows further includes anti-blooming protection.

12. The method of claim 11, wherein the anti-blooming protection further inchudes:

setiing the global reset select transistors and the first global transfer transistors
to an ON state for rows that are not in integration or readout to provide anti-blooming
protection;

selecting a row to be read;

disconnecting the row select transistor and the first global transistor {rom the
anti-blooming protection for the row to be read;

setting the row select transistor to a high state for the row to be read and
reading the electrical charge in the row to be read; and

resetting the row select transistor and the first transfer global transistor back to

the anti-blooming state for the row that was read.

13, A method of timing the photodiode fmager device of claim 3 to functionin a
global shutter mode, comprising:

pulsing first global transter transistors and global reset select fransistors (o a
high state then to a low state to reset the photodiodes and start integration;

terminating integration by pulsing global reset select transistors to a high state
then to a low state and setting second global transfer transistors to a high state to reset
the storage node to a first voltage level corresponding o a low power supply setting;

seting first global transfer transistors to a high state while second global
transfer transistors are set to high at the same time to globally transfer electrical
charge trom the foating diffusion regions to the storage nodes; and

reading out the electrical charge in each of the pharality of rows.

N
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14. The method of claim 13, wherein reading out the electrical charge o each of the
plurality of rows further includes:

sclecting a row to be read;

setting the global reset select transfer transistor for the selected row to high;
and

setting the power supply to a sufficiently low setting to reset the floating
diffusion region of the selected row to substantially 0.0V to turn off the source

follower transistor of the selected row.

15, The method of claim 13, wherein reading out the electrical charge o each of the

plurality of rows further includes correlated double sampling.

16. The method of claim 15, wherein the correlated double sampling further includes:

setting the global reset select transistor for a row being read to a high state and
setting the power supply to a high power supply setting to set the floating diffusion
regions to the high power supply setiing n the row being read;

reading the electrical charge n the foating diffusion regions and obtaining a
first electrical charge valie;

setting the second transfer global transistor of the row being read to a lngh
state to transfer electrical charge in the storage nodes to the floating diffusion regions
of the row beiong read;

reading the electrical charge in the floating diffusion regions and obtaining a
second electrical charge value; and

subtracting the second electrical charge value from the first electrical charge

value to obtain a correlated double samphing output.

17. The method of claim 13, wherein reading out the clectrical charge in each of the

plurality of rows further includes anti-blooming protection.

18. The method of claim 17, wherein the anti-blooming protection further includes:
setting the global reset select transistors and the first global transfer transistors
to an ON state for rows that are not in integration or readout to provide anti-blooming

protection;
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sclecting a row to be read;

setting the global reset select transfer transistor for the selected row to high;
and

setting the power supply Lo a sufficiently low setting to reset the floating
diffusion region of the selected row to substantially 0.0V to turn off the source

follower transisior of the selected row.
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