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PIXEL ARCHITECTURE AND METHOD

BACKGROUND
[0001] The present invention relates, in general, to electronics and, more
particularly, to image sensors.
[0002] In the past, the electronics industry used solid-state image sensors to form

camera systems. The pixels were configured into an array of rows and columns and
contained photosensitive elements. Image sensors are disclosed in U.S. Patent Application
Publication No. 2007/0236590 A1 by Brannon Harris and published on October 11,
2007, U.S. Patent Application Publication No. 2008/0079830 A1 by Gerald Lepage and
published on April 3, 2008, and U.S. Patent Number 7,772,627 B2 issued to Sungkwon
C. Hong on August 10, 2010. A drawback with these systems is their parasitic current
leakages and parasitic light sensitivities.

[0003] Accordingly, it would be advantageous to have a pixel and method for
operating the pixel having improved performance parameters. In addition, it is desirable for

the method and circuit to be cost and time efficient to implement.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The present invention will be better understood from a reading of the
following detailed description, taken in conjunction with the accompanying drawing
figures, in which like reference characters designate like elements and in which:
[0005] FIG. 1 is a circuit schematic of a pixel in accordance with an embodiment
of the present invention;
[0006] FIG. 2 is a circuit schematic of a pixel in accordance with another
embodiment of the present invention;
[0007] FIG. 3 is a top view of the pixel of FIG. 2 during manufacture in
accordance with an embodiment of the present invention;
[0008] FIG. 4 is a top view of the pixel of FIG. 3 during manufacture in
accordance with an embodiment of the present invention;
[0009] FIG. 5 is a cross-sectional view of the pixel of FIG. 4 taken along section
line 5-5 of FIG. 4 in accordance with an embodiment of the present invention;
[00010] FIG. 6 is a cross-sectional view of the pixel of FIG. 4 taken along section
line 6-6 of FIG. 4 in accordance with an embodiment of the present invention;
[00011] FIG. 7 is a portion of an array of the pixels of FIG. 2 in accordance with
an embodiment of the present invention;
[00012] FIG. 8 is a timing diagram of operation of the pixel of FIG. 2 in a rolling
shutter mode of operation;
[00013] FIG. 9 is a timing diagram of operation of the pixel of FIG. 2 in a snapshot
mode of operation,;
[00014] FIG. 10 a top view of the pixel of FIG. 2 during manufacture in
accordance with another embodiment of the present invention;
[00015] FIG. 11 is a cross-sectional view of taken along section line 11-11 of FIG.
10 in accordance with an embodiment of the present invention;
[00016] FIG. 12 is a cross-sectional view of the pixel of FIG. 10 taken along
section line 12-12 of FIG. 10 in accordance with an embodiment of the present invention;
[00017] FIG. 13 is a top view of the pixel of FIG. 2 during manufacture in

accordance with an embodiment of the present invention;
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[00018] FIG. 14 is a top view of the pixel of FIG. 13 during manufacture in
accordance with an embodiment of the present invention;

[00019] FIG. 15 is a cross-sectional view of the pixel of FIG. 14 taken along
section line 15-15 of FIG. 14 in accordance with an embodiment of the present invention;
[00020] FIG.16 is a cross-sectional view of the pixel of FIG. 14 taken along
section line 16-16 of FIG. 14 in accordance with an embodiment of the present invention;
[00021] FIG. 17 is a cross-sectional view of a pixel in accordance with another
embodiment of the present invention;

[00022] FIG. 18 is a top view of a pixel during manufacture in accordance with
another embodiment of the present invention;

[00023] FIG. 19 is a cross-sectional view of the pixel of FIG. 18 taken along
section line 19-19 of FIG. 18 in accordance with another embodiment of the present
invention;

[00024] FIG. 20 is a cross-sectional view of the pixel of FIG. 18 taken along
section line 20-20 of FIG. 18 in accordance with an embodiment of the present invention;
[00025] FIG. 21 is a circuit schematic of a pixel in accordance with another
embodiment of the present invention;

[00026] FIG. 22 is a portion of an array of the pixels of FIG. 21 in accordance with
an embodiment of the present invention;

[00027] FIG. 23 is a timing diagram of operation of the pixel array of FIG. 21 in a
rolling shutter mode of operation in accordance with another embodiment of the present
invention;

[00028] FIG. 24 is a timing diagram of operation of the pixel array of FIG. 21 in a
snapshot mode of operation in accordance with another embodiment of the present
invention;

[00029] FIG. 25 is a circuit schematic of a pixel in accordance with another
embodiment of the present invention; and

[00030] FIG. 26 is a circuit schematic of a pixel in accordance with another
embodiment of the present invention.

[00031] For simplicity and clarity of illustration, elements in the figures are not

necessarily to scale, and the same reference characters in different figures denote the
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same elements. Additionally, descriptions and details of well-known steps and elements
are omitted for simplicity of the description. As used herein current carrying electrode
means an element of a device that carries current through the device such as a source or a
drain of an MOS transistor or an emitter or a collector of a bipolar transistor or a cathode
or an anode of a diode, and a control electrode means an element of the device that
controls current flow through the device such as a gate of an MOS transistor or a base of
a bipolar transistor. Although the devices are explained herein as certain N-channel or P-
channel devices, or certain N-type or P-type doped regions, a person of ordinary skill in
the art will appreciate that complementary devices are also possible in accordance with
embodiments of the present invention. It will be appreciated by those skilled in the art
that the words during, while, and when as used herein are not exact terms that mean an
action takes place instantly upon an initiating action but that there may be some small but
reasonable delay, such as a propagation delay, between the reaction that is initiated by the
initial action and the initial action. The use of the words approximately, about, or
substantially means that a value of an element has a parameter that is expected to be very
close to a stated value or position. However, as is well known in the art there are always
minor variances that prevent the values or positions from being exactly as stated. It is
well established in the art that variances of up to about ten per cent (10%) (and up to
twenty per cent (20%) for semiconductor doping concentrations) are regarded as
reasonable variances from the ideal goal of exactly as described.

[00032] It should be noted that a logic zero voltage level (V1) is also referred to as
a logic low voltage and that the voltage level of a logic zero voltage is a function of the
power supply voltage and the type of logic family. For example, in a Complementary
Metal Oxide Semiconductor (CMOS) logic family a logic zero voltage may be thirty
percent of the power supply voltage level. In a five volt Transistor-Transistor Logic
(TTL) system a logic zero voltage level may be about 0.8 volts, whereas for a five volt
CMOS system, the logic zero voltage level may be about 1.5 volts. A logic one voltage
level (V) is also referred to as a logic high voltage level and, like the logic zero voltage
level, the logic high voltage level also may be a function of the power supply and the type
of logic family. For example, in a CMOS system a logic one voltage may be about

seventy percent of the power supply voltage level. In a five volt TTL system a logic one
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voltage may be about 2.4 volts, whereas for a five volt CMOS system, the logic one

voltage may be about 3.5 volts.

DETAILED DESCRIPTION

[00033] Generally the present invention provides an image sensor and a method
for operating the image sensor.

[00034] FIG. 1 is a circuit schematic of a pixel 10A in accordance with another
embodiment of the present invention. Pixel 10A is comprised of photodiode 12, a
transfer switch 14A, a reset switch 16A, a select switch 18A, and a memory element 24A.
Each of switches 14A-20A has a control terminal and a pair of current carrying terminals.
The control terminals of transfer switch 14 and reset switch 16 are commonly connected
together to form a node 15A that may be coupled for receiving a control signal Vrgge.
Transfer switch 14A has a current carrying terminal connected to a cathode of photodiode
12 and a current carrying terminal commonly connected to a current carrying terminal of
reset switch 16A, an input terminal of amplifier 18A, and a terminal of memory element
24A to form anode 22A. The other current carrying terminal of reset switch 16A is
coupled for receiving source of operating potential such as, for example, Vpp pix. The
control terminal of transfer switch 14 is coupled for receiving a control signal Vrrg and
the control terminal of reset switch 16 is coupled for receiving a control signal Vggs. The
anode of photodiode 12 is coupled for receiving a source of operating potential Vgg; and
a terminal of memory element 24 A is coupled for receiving source of operating potential
Vssz2. By way of example, sources of operating potential Vgs; and Vg, are at ground
potential. It should be noted that the voltage levels of sources of operating potential Vg
and Vgg; are not limitations of the present invention. For example, sources of operating
potential Vgg; and Vss, may be at the same voltage level or at different voltage levels.
Amplifier 18A has a current carrying terminal connected to an output of amplifier 22A
and a control terminal coupled for receiving a control signal Vgg;..

[00035] FIG. 2 is a circuit schematic of a pixel 10 in accordance with an
embodiment of the present invention. Pixel 10 is comprised of a photodiode 12, a

transfer transistor 14, a reset transistor 16, a source follower transistor 18, and a select
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transistor 20. By way of example, photodiode 12 is a pinned photodiode capable of being
fully depleted at a depletion voltage Vpiy and transistors 14-20 are Metal Oxide Field
Effect Transistors (MOSFETs), where each transistor has a gate, a drain, and a source.
More particularly, the gate of transfer transistor 14 is connected to the gate of reset
transistor 16 to form a node 15 and the drain of transfer transistor 14 is commonly
connected to the source of reset transistor 16 and to the gate of source follower transistor
18 to form a node 22. The source of transfer transistor 14 is connected to a terminal of
photodiode 12 and the other terminal of photodiode 12 is coupled for receiving a source
of operating potential Vss;. By way of example source of operating potential Vg is
ground.

[00036] Node 22 is connected to source of operating potential Vg, through a
capacitor 24 and may be referred to as a floating diffusion node. The drains of reset
transistor 16 and source follower transistor 18 are commonly coupled for receiving a
source of operating potential Vpp prx. The source of source follower transistor 18 is
connected to the drain of select transistor 20. The gate 21 of select transistor 20 is
coupled for receiving a select voltage Vsgr. Although the current carrying electrode of
select transistor 20 that is connected to the source of source follower transistor 18 has
been identified as a drain, it should be noted that select transistor 20 is a symmetric
device in which the type of terminal, drain or source, is a function of the bias voltages
applied to them. Although transistors 14-20 have been shown as N-channel devices, i.c.,
NMOS devices, this is not a limitation of the present invention. For example, the
transistors may be P-channel devices, junction field effect transistors, bipolar transistors,
or the like. Because the gates of transfer transistor 14 and reset transistor 16 are
commonly connected, the configuration may be referred to as a common gate pixel or a
common gate 4T pixel.

[00037] FIG. 3 is a top view of pixel 10 during manufacture in accordance with an
embodiment of the present invention. What is shown in FIG. 3 is a portion of a
semiconductor chip 50 comprising a semiconductor material 52 which can be of P-type
conductivity or N-type conductivity. A photodiode region 72 and doped regions 56 and
58 are formed in portions of semiconductor material 52. A doped region 60 is formed in

doped region 56, a doped region 62 is formed in doped region 58, and a doped region 64
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is formed between and laterally spaced apart from doped regions 56 and 58. A doped
region 66 is formed in a portion of doped region 56 and a portion of doped region 60 and
a doped region 68 is formed in a portion of doped regions 58 and a portion of doped
region 62. A doped region 70 extends from doped region 64 into semiconductor material
52. By way of example, doped regions 60, 62, 64, 66, 68, and 70 are of opposite
conductivity type to doped regions 56 and 58. More particularly, semiconductor material
52 may be an epitaxial layer of P-type conductivity formed over a semiconductor
substrate of P-type conductivity (not shown), doped regions 56 and 58 may be regions
doped with an impurity material of P-type conductivity, and doped regions 60, 62, 64, 66,
68, and 70 may be regions doped with an impurity material of N-type conductivity.
Doped regions 64, 66, and 68 are typically lightly doped drain regions and doped region
70 is a floating diffusion region which may form a portion of a floating diffusion
capacitor. In addition, FIG. 3 illustrates a shallow doped region 54 formed in doped
region 72. In accordance with embodiments in which doped region 54 is a region of n-
type conductivity, doped region 54 is of p-type conductivity which buries the diode
region thereby forming a fully depleted or pinned photodiode.

[00038] FIG. 4 is a top view of pixel 10 of FIG. 4 during manufacture. What is
shown in FIG. 4 are gate structures 80, 82, 84, contacts 86, 88, 90, 92, and an
interconnect 94. It should be noted that interconnect 94 couples doped region 64 with
gate structure 82. It should be further noted that a gate structure is comprised of a gate
electrode and a gate diclectric material. The gate electrode and gate dielectric materials
are illustrated in the drawings and collectively referred to as a gate structure. The gate
structure is referred to as a gate in the figures containing circuit schematics. With
reference to FIGs. 2 and 4, gate structure 80 serves as a common gate structure for
transfer transistor 14 and reset transistor 16, gate structure 82 serves as the gate structure
for source follower transistor 18, and gate structure 84 serves as the gate structure for
select transistor 20. Gate structure 80 is a ring-shaped or donut-shaped structure with an
opening 81 in a central portion.

[00039] FIG. 5 is a cross-sectional view of pixel 10 taken along section line 5-5 of
FIG. 4. FIG. 5 illustrates a cross-sectional view of photodiode 12, transfer transistor 14,

common gate structure 80, and opening 81 in the central region or portion of common
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gate structure 80. For the sake of clarity, interconnect 94 has been omitted from FIG. 5.
Photodiode 12 is laterally adjacent transfer transistor 14 and floating diffusion capacitor
24. A floating diffusion region 70, which serves as a portion of floating diffusion
capacitor 24, is below opening 81 of common gate structure 80. A contact 90 is formed
in contact with source region 64 of reset transistor 16 and a contact 92 is formed in
contact with drain region 62 of select transistor 16.

[00040] FIG. 6 is a cross-sectional view of pixel 10 taken along section line 6-6 of
FIG. 4. FIG. 6 illustrates transfer transistor 14 and reset transistor 16 having a common
gate structure 80 with opening 81, source follower transistor 18 having gate structure 82
and select transistor 20 having gate structure 84. Floating diffusion region 70, which
serves as a portion of floating diffusion capacitor 24, is laterally adjacent reset transistor
16. A contact 90 is formed in contact with source region 64 of reset transistor 16, a
contact 92 is formed in contact with drain region 62 of select transistor 16, and a contact
86 is formed in contact with the drain region of select transistor 20. For the sake of
clarity, interconnect 94 has been omitted from FIG. 6.

[00041] FIG. 7 is a circuit schematic of an active pixel array in accordance with an
embodiment of the present invention. What is shown in FIG. 7 is a 3x3 section 150 of a
sensor array of active pixels 10. It should be noted that a typical pixel array may have
more than a million pixels arranged in rows and columns. In accordance with an
embodiment, each pixel is connected to a transfer/reset bus, a select bus, and
corresponding columns 74A, 74B, and 74C. More particularly, for each pixel row the
commonly connected transfer transistor and reset transistor gate terminals (node 15 in
FIG. 1) are connected to the transfer/reset bus and the select transistor gate terminals
(terminal 21 in FIG. 1) are connected to the select bus. Thus, nodes 15 of row 0 are
connected to transfer/reset bus 152 and gates terminals 21 of row 0 are connected to
select bus 154¢; nodes 15 of row 1 are connected to transfer/reset bus 152, and gates
terminals 21 of row 0 are connected to select bus 1544; and nodes 15 of row 2 are
connected to transfer/reset bus 152, and gates terminals 21 of row 2 are connected to
select bus 154,. Voltage Vrgrgr is applied to transfer/reset busses 1520, 1525, and 1525,
and voltage Vggy is applied to select busses 154, 1544, and 154,. The source terminals of

each select transistor in a column of pixels is connected to a corresponding column 74A,
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74B, and 74C. Each column may be coupled to a precharge transistor (not shown) for
operation in current starvation mode in which the columns are precharged before
sampling and where the sampling occurs without an active current load. Alternatively,
each column may be coupled for receiving a bias current from a voltage controlled
current sink.

[00042] An array of pixels comprising a plurality of image sensors 10 can operate
in a rolling shutter operating mode or a snapshot operating mode. In both the rolling
shutter and the snapshot operating modes, photodiodes 12 and floating diffusion
capacitors 24 are reset before integration. In the rolling shutter operating mode,
photodiodes 12 and floating diffusion capacitors 24 in a first row, e.g., row 0, are reset by
applying a voltage Vrgrre to transfer/reset bus 1524 and thus to nodes 13, i.e., the common
gates of transfer transistors 14 and reset transistors 16. After row 0 is reset each
subsequent row is reset in sequence, for example, row 1, row 2, etc. The sequence for
resetting the rows of pixels is not a limitation of the present invention. For example,
resetting can first occur on a row other than row 0 and may occur out of sequence, i.c.,
row 2 may be reset after row 0 or row 0 may be reset after row 1. Resetting the rows
discharges photodiodes 12 and floating diffusion capacitors 24.

[00043] FIG. 8 is a timing diagram 160 for operation in the rolling shutter
operating mode in accordance with an embodiment of the present invention. Timing
diagram 160 includes plots 160A, 160B, and 160C. The photodiodes 12 and floating
diffusion capacitors 24 of row 0 are reset or discharged by raising voltage Virrg of
transfer/reset bus 152 to a voltage that is greater than or equal to voltage

Vb pix T Viie at time to. At time t;, photodiodes 12 and floating diffusion capacitors 24
are sufficiently discharged, thus voltage Vrgg transitions to about zero volts.
Photodiodes 12 and floating diffusion capacitors 24 of row 1 are reset or discharged by
raising voltage Vrgg of transfer/reset bus 152, to a voltage that is greater than or equal to
voltage Vpp pix + Vinie at time t,. At time t3, photodiodes 12 and floating diffusion
capacitors 24 are sufficiently discharged, thus voltage Vrge transitions to about zero
volts. This process continues for each subsequent row until each of the rows of
photodiodes 12 and floating diffusion capacitors 24 have been reset. Although only three

rows and three columns are shown in FIG. 7 and only resetting of row 0 and row 1 have
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been shown in plot 160A, it should be understood that the number of rows and columns is
not a limitation of the present invention and that preferably each row of photodiodes 12
and floating diffusion capacitors 24 are reset.

[00044] At time t4, select voltage Vg is applied to row selector bus 154 and
column 74A is asserted to read the floating diffusion voltage at node 22, i.c., select
voltage Vg1 and control voltage Vcon transition to logic high voltage levels V. After
reading out the floating diffusion voltage, control voltage Voo transitions to a logic low
voltage Vi at time ts and select voltage Vsgi transitions to a logic low voltage Vi, at time
te. Alternatively, select voltage VSEL may be maintained at a logic high voltage level
from about time t¢ to about time to.

[00045] At time t;, voltage Vrgrrg transitions to a voltage that is greater than or
equal to voltage Vpiv + Vinia. More particularly, voltage Vrgrre transitions to a voltage
that is greater than or equal to voltage Vpin + Vinis and less than voltage Vpp pix + Vinie
thereby transferring the charge from photodiodes 12 associated with row 0 to floating
diffusion capacitors 24 associated with row 0. At time ts, voltage Vgrge transitions to
about zero volts. Maintaining voltage Vigrgg at a level that is greater than or equal to
voltage Veiv + Vini4 and less than voltage Vpp pix + Vinis provides a voltage that is
sufficient to transfer the charge from the photodiode, but is insufficient to reset
photodiodes 12 and floating diffusion capacitors 24 because pinned photodiodes 12 reset
to their depletion or pinning voltage Vpi.

[00046] At time to, select voltage Vsgr is applied to row selector bus 154 and
control voltage Vcona asserts column 74A so that the floating diffusion voltage at node
22 can be read, i.e., select voltage Vsgr, and control voltage Vcona transition to logic high
voltage levels V. After reading out the floating diffusion voltage, control voltage Vceona
transitions to a logic low voltage V|, at time t;o and select voltage Vg transitions to a
logic low voltage Vi at time t;;. Subtraction circuitry (not shown) subtracts the voltage
read out during the time period from time t, to time ts and the voltage read at time to to
remove ktc noise and fixed pattern noise.

[00047] At time t,, select voltage Vggy is applied to row selector bus 154, and a
control voltage Vconi column 74B so that the floating diffusion voltage at node 22 can be

read, i.e., select voltage Vgsgr, and control voltage Veoni transition to logic high voltage
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levels V. After reading out the floating diffusion voltage, control voltage Vconi
transitions to a logic low voltage Vi at time t;3 and select voltage Vg transitions to a
logic low voltage Vi, at time ti4.

[00048] At time t;s, voltage Vrggg transitions to a voltage that is greater than or
equal to voltage Vpiv + Vinia. More particularly, voltage Vrgre transitions to a voltage
that is greater than or equal to voltage Vpin + Vinis and less than voltage Vpp pix + Vinie
thereby transferring the charge from photodiode 12 associated with row 1 to floating
diffusion capacitor 24 associated with row 1. At time t;¢, voltage Vrgg transitions to
about zero volts. Maintaining voltage Vigrgg at a level that is greater than or equal to
voltage Veiv + Vini4 and less than voltage Vpp pix + Vinis provides a voltage that is
sufficient to transfer the charge from the photodiode, but is insufficient to reset
photodiodes 12 and floating diffusion capacitors 24 because pinned photodiodes 12 reset
to their depletion or pinning voltage Vpi.

[00049] At time ty7, select voltage Vg is applied to row selector bus 1544 and a
control voltage Vconi asserts column 1 so that the floating diffusion voltage at node 22
can be read, i.e., select voltage Vsgr, and control voltage Vo1 transition to logic high
voltage levels Vy. After reading out the floating diffusion voltage, control voltage Vconi
transitions to a logic low voltage Vi, at time t;g and select voltage Vg transitions to a
logic low voltage Vi at time tj9. Subtraction circuitry (not shown) subtracts the voltage
read out during the time period from time t, to time ts and the voltage read at time t;7 to
remove ktc noise and fixed pattern noise.

[00050] It should be noted that the pulse Vrgrre between times to and t; correspond
to resetting row 0 and the pulse between times t; and t; correspond to resetting row 1.
The pulses between times t4 and t;o correspond to selecting and transferring data from
row 0 and the pulses between times t;, and tj9 correspond to selecting and transferring
data from row 1. This process continues for each row in the pixel array. Preferably, the
time period between times t; and tg is the same as the time for the time period between
times t3 and tjs. These time periods represent the integration time for the corresponding
TOWS.

[00051] In the snapshot mode of operation, after the integration time the charge
from photodiodes 12 is transferred to the floating diffusion capacitors 24 for all the pixels

11
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at the same time. Then the signal level from row 0 is read followed by resetting floating
diffusion capacitors 24 and reading the reset level. This readout is performed on a row
by row basis until all the rows have been read.

[00052] FIG. 9 is a timing diagram 170 for operation in the snapshot mode in
accordance with an embodiment of the present invention. Timing diagram 170 includes
plots 170A, 170B, and 170C. Photodiodes 12 and floating diffusion capacitors 24 for all
the pixels are reset or discharged by raising voltage Vrgg to a voltage that is greater than
or equal to voltage Vpp pix +Viis at time ty. At time t;, photodiodes 12 and floating
diffusion capacitors 24 are sufficiently discharged, thus voltage Vigrgg transitions to about
a zero volt level.

[00053] At time tp, voltage Vrgrge transitions to a voltage that is greater than or
equal to voltage Vpiv + Vinia. More particularly, voltage Vrgrre transitions to a voltage
that is greater than or equal to voltage Vpin + Vinis and less than voltage Vpp pix + Vinie
thereby globally transferring the charge from photodiodes 12 to floating diffusion
capacitors 24. At time t3, voltage Vrgrgg transitions to about zero volts.

[00054] At time t4, select voltage Vsgr is applied to row selector bus 154 and a
control voltage Vcono column 74A so that the floating diffusion voltage at node 22 can be
read, i.e., select voltage Vgsgr, and control voltage Vcono transition to logic high voltage
levels V. After reading out the floating diffusion voltage, control voltage Vcono
transitions to a logic low voltage Vi at time ts and select voltage Vg, transitions to a
logic low voltage Vi at time te.

[00055] At time t;, voltage Vrgrrg transitions to a voltage that is greater than or
equal to voltage Vpp pix + Vinis, Which resets photodiodes 12 and floating diffusion
capacitors 24. At time tg, photodiodes 12 and floating diffusion capacitors 24 are
sufficiently discharged, thus voltage Virgg transitions to about zero volts.

[00056] At time to, select voltage Vsgr is applied to row selector bus 154 and a
control voltage Vcono asserts column 74A so that the floating diffusion voltage at node
22 can be read, i.e., select voltage Vsgr, and control voltage Vcono transition to logic high
voltage levels Vy. After reading out the floating diffusion voltage, control voltage Vcono
transitions to a logic low voltage Vi at time t;o and select voltage Vg transitions to a

logic low voltage Vi, at time t;;.
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[00057] At time ty,, select voltage Vg is applied to row selector bus 1544 and a
control voltage Vconi asserts column 74B so that the floating diffusion voltage at node
22 can be read, i.c., select voltage Vg, and current source control voltage Veoni
transition to logic high voltage levels V. Control voltage Vconi transitions to a logic
low voltage Vi, at time t;53 and select voltage Vg, transitions to a logic low voltage Vi at
time ty4.

[00058] At time t;5, voltage Vrrge transitions to a voltage that is greater than or
equal to voltage Vpp pix +Vinis, Which resets photodiodes 12 and floating diffusion
capacitors 24. At time t;s, voltage Vrrgre transitions to about zero volts.

[00059] At time ty7, select voltage Vg is applied to row selector bus 1544 and a
control voltage Vconi asserts column 74B so that the floating diffusion voltage at node
22 can be read, i.c., select voltage Vg, and current source control voltage Veoni
transition to logic high voltage levels V. After reading out the floating diffusion
voltage, current source control voltage Vo1 transitions to a logic low voltage Vi at time
t13 and select voltage Vg, transitions to a logic low voltage Vi, at time tj9. This process
continues so that each row of pixels can be read.

[00060] Resetting the pixels discharges the voltages across photodiodes 12 and
floating diffusion capacitors 24. These voltages are reset in a first row, e.g., row 0, by
applying a Vrggre to the transfer/reset busses and thus to the nodes 15, i.e., the common
gates of transfer transistors 14 and reset transistors 16. Voltage Vrge is a function of the
threshold voltages of transfer transistors 14 and reset transistors 15 and the depletion
voltage Vpy of photodiodes 12. By way of example, floating diffusion capacitor 24 can

be reset by setting voltage Virge in accordance with EQT. 1:

[00061] V1rre 2 Vpp_pix + Vinie EQT. 1
[00062] where,

[00063] Vop pix is the voltage at the drain reset transistor 16; and

[00064] Vi 18 the threshold voltage of reset transistor 16.

[00065] Resetting floating diffusion capacitor 24 may be referred to as a hard reset

of the floating diffusion. It should be noted that the voltage for a hard reset is a function
of the body effect because the source of transistor 16 is connected to a voltage level other

than ground.
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[00066] Photodiode 12 can be reset by setting voltage Viggg in accordance with
EQT. 2:

[00067] Virre 2 Vein + Vinis EQT. 2
[00068] where,

[00069] Ve is the depletion voltage at transfer transistor 14; and

[00070] Vini4 is the threshold voltage of reset transistor 14.

[00071] Thus, photodiodes 12 and floating diffusion capacitors 24 can be reset by
applying a voltage greater than or equal to the sum of the voltage Vpp pix at the drain of
reset transistor 16 and the product of the threshold voltage of reset transistor and 1.5, i.c.,
Vb pix + Vints.

[00072] In response to stimulus by light and after the integration time, a voltage is
applied to nodes 15, i.c., the common gates of transistors 14 and 16, via the transfer/reset
bus, which is high enough so that charge is transferred from photodiodes 12 to floating
diffusion capacitors 24, but low enough to maintain reset transistor 16 in the cut-off
operating mode. Thus, charge transfer occurs without resetting floating diffusion
capacitors 24. To maintain reset transistor 16 in the cut-off operating mode during
charge transfer, the gate-to-source voltage of reset transistor 16 (vgs16) is set below the
threshold voltage vy 16 of reset transistor 16. The gate-to-source voltage of reset transistor
16 (vgs16) can be maintained during the transfer pulse at a voltage less than the threshold
voltage of transistor 16 (vi16) by setting the upper voltage Visup at node 15 in accordance

with EQT. 3:

[00073] Visur < (Vo pix — AVie) + Vinie EQT. 3
[00074] where:

[00075] Vop pix is the voltage at the drain reset transistor 16;

[00076] AV is a crosstalk voltage from node 15 to node 22; and

[00077] Vi1 18 the threshold voltage of reset transistor 16.

[00078] To transfer the charge from photodiodes 12 in light and dark conditions,
the lower voltage Visio at node 15 may be set in accordance with EQT. 4;

[00079] VisLo 2 Vein + Vinis EQT. 4
[00080] where,

[00081] Ve is the depletion voltage of photodiode 12; and
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[00082] Vini4 is the threshold voltage of transfer transistor 14.

[00083] Thus, in response to the voltage at node 15 being less than or equal to
(Vob pix — AVig) + vinis and greater than or equal to Vpix + Vinis, charge will be
transferred from photodiodes 12 to floating diffusion capacitors 24 in the dark, without a
reset.

[00084] For charge transfer that occurs when photodiodes 12 are saturated, the
gate-to-source voltage, vgq16, 0f reset transistor 16 is maintained below the threshold
voltage vi16 Of reset transistor 16 as described with reference to EQT. 3 above. The
floating diffusion voltage decreases in accordance with the amount of charge being
transferred from photodiodes 12 to floating diffusion capacitors 24. To leave the floating
diffusion voltage undisturbed or to not reset the floating diffusion capacitors 24 while

transferring a large amount of charge, upper voltage Visup is given by EQT. 5:

[00085] Visup < (Vop pix — AVis — AVrr) + Vinie EQT. S5
[00086] where:
[00087] Vop pix is the voltage at the drain reset transistor 16;

[00088] AV is a crosstalk voltage from node 15 to node 22;

[00089] AVy is change in voltage in response to the charge transfer; and
[00090] Vi1 18 the threshold voltage of reset transistor 16.

[00091] FIG. 10 is a top view of pixel 175 during manufacture. What is shown in
FIG. 10 are gate structures 82, 84, 175, contacts 86, 88, 90, 92, and an interconnect 94. It
should be noted that interconnect 94 couples doped region 64 with gate structure 82. It
should be further noted that a gate structure is comprised of a gate electrode and a gate
dielectric material. The gate electrode and gate dielectric materials are illustrated in the
drawings and collectively referred to as a gate structure. The gate structure is referred to
as a gate in the figures containing circuit schematics. With reference to FIGs. 2 and 10,
gate structure 175 serves as a common gate structure for transfer transistor 14 and reset
transistor 16, gate structure 82 serves as the gate structure for source follower transistor
18, and gate structure 84 serves as the gate structure for select transistor 20. Gate
structure 175 is an L-shaped structure.

[00092] FIG. 11 is a cross-sectional view of pixel 175 taken along section line 11-
11 of FIG. 10. FIG. 11 illustrates a cross-sectional view of photodiode 12, transfer
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transistor 14, and common gate structure 175. For the sake of clarity interconnect 94 has
been omitted from FIG. 11. Photodiode 12 is laterally adjacent transfer transistor 14 and
floating diffusion capacitor 24. A floating diffusion region 70 serves as a portion of
floating diffusion capacitor 24. A contact 90 is formed in contact with source region 64
of reset transistor 16 and a contact 92 is formed in contact with drain region 62 of select
transistor 16.

[00093] FIG. 12 is a cross-sectional view of pixel 10 taken along section line 12-12
of FIG.10. FIG. 12 illustrates transfer transistor 14 and reset transistor 16 having a
common gate structure 175, source follower transistor 18 having gate structure 82 and
select transistor 20 having gate structure 84. Floating diffusion region 70, which serves
as a portion of floating diffusion capacitor 24, is laterally adjacent reset transistor 16. A
contact 90 is formed in contact with source region 64 of reset transistor 16, a contact 92 is
formed in contact with drain region 62 of select transistor 16, and a contact 86 is formed
in contact with the drain region of select transistor 20. For the sake of clarity
interconnect 94 has been omitted from FIG. 11.

[00094] FIG. 13 is a top view of a pixel 200 during manufacture in accordance
with an embodiment of the present invention. What is shown in FIG. 13 is a portion of a
semiconductor chip 50 comprising a semiconductor material 52 which can be of P-type
conductivity or N-type conductivity. A photodiode region 54 and doped regions S6A,
56B, and 58A are formed in portions of semiconductor material 52. Doped regions 60
and 62 are formed in portions of semiconductor material 52 and a doped region 64 is
formed between and laterally spaced apart from doped regions 56 and 58. A doped
region 66 is formed in a portion of semiconductor material 52 and a doped region 68 is
formed in a portion of semiconductor material 52 and doped region 62. A doped region
70 extends from doped region 64 into semiconductor material 52. By way of example,
doped regions 60, 62, 64, 66, 68, and 70 are of opposite conductivity type to doped
regions 56A and 58A. More particularly, semiconductor material 52 may be an epitaxial
layer of P-type conductivity formed over a semiconductor substrate of P-type
conductivity, doped regions 56A and 58A may be regions doped with an impurity
material of P-type conductivity, and doped regions 60, 62, 64, 66, 68, and 70 may be
regions doped with an impurity material of N-type conductivity. Doped regions 64, 66,

16



WO 2011/133749 PCT/US2011/033388

and 68 are typically lightly doped drain regions and doped region 70 is a floating
diffusion region.

[00095] FIG. 14 is a top view of pixel 200 of FIG. 10 during manufacture. What is
shown in FIG. 14 are gate structures 80, 82, 84, contacts 86, 88, 90, 92, and an
interconnect 94 coupling doped region 64 with gate structure 82. With reference to FIGs.
2 and 14, gate structure 80 serves as a common gate structure for transfer transistor 14
and reset transistor 16, gate structure 82 serves as the gate structure for source follower
transistor 18, and gate structure 84 serves as the gate structure for select transistor 20. A
plurality of contacts 202 are formed on common gate structure 80, which block light
coming from the sides of contacts 202. Contacts 202 may be referred to as light shielding
elements. It should be noted that photons coming from the sides of contacts 202
(between a metal 1 layer and polysilicon) can get into the region of floating diffusion
capacitor 24. Thus, contacts 202 help block light from entering the region of floating
diffusion capacitors 24.

[00096] FIG. 15 is a cross-sectional view of pixel 200 taken along section line 15-
15 of FIG. 14. FIG. 15 illustrates transfer transistor 14 and reset transistor 16 having a
common gate structure 80. For the sake of clarity interconnect 94 has been omitted from
FIG. 15. A floating diffusion region 70, which serves as a portion of floating diffusion
capacitor 24, is adjacent one side of transfer transistor 14 and a photodiode 12 is adjacent
an opposite side of transfer transistor 14. A contact 90 is formed in contact with source
region 64 of reset transistor 16 and a contact 92 is formed in contact with drain region 62
of select transistor 16.

[00097] FIG. 16 is a cross-sectional view of pixel 200 taken along section line 16-
16 of FIG. 14. FIG. 16 illustrates transfer transistor 14 and reset transistor 16 having a
common gate structure 80, source follower transistor 18 having gate structure 82, and
select transistor 20 having gate structure 84. A floating diffusion region 70, which serves
as a portion of floating diffusion capacitor 24, is adjacent transfer transistor 14. A
contact 90 is formed in contact with source region 64 of reset transistor 16, a contact 92 is
formed in contact with drain region 62 of select transistor 16, and a contact 86 is formed
in contact with the drain region of select transistor 20. For the sake of clarity

interconnect 94 has been omitted from FIG. 16.
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[00098] FIG. 17 is a cross-sectional view of a pixel 250 that is similar to pixel 10
shown in FIG. 5, except that that lightly doped regions 64, 66, and 68 are absent. Thus,
FIG. 17 illustrates transfer transistor 14 and reset transistor 16 having a common gate
structure 80 and a floating diffusion region 70, which serves as a portion of floating
diffusion capacitor 24, which is adjacent one side of transfer transistor 14. A contact 90
is formed in contact with floating diffusion region 70 and a contact 92 is formed in
contact with drain region 62 of select transistor 16.

[00099] FIG. 18 is a top of a pixel 260 in accordance with another embodiment of
the present invention. Portions of pixel 260 such as, for example, doped regions 54, 56,
58, 60, 62, 64, 66, 68, 70, and 72 have been described with reference to FIG. 3. What is
shown in FIG. 15 are gate structures 82, 84, and 262 contacts 86, 88, 90, 92, and 264, and
an interconnect 94. It should be noted that interconnect 94 couples doped region 64 with
gate structure 82. It should be further noted that a gate structure is comprised of a gate
electrode and a gate diclectric material. The gate electrode and gate dielectric materials
are illustrated in the drawings and collectively referred to as a gate structure. The gate
structure is referred to as a gate in the figures containing circuit schematics. With
reference to FIGs. 2 and 15, gate structure 262 serves as a common gate structure for
transfer transistor 14 and reset transistor 16, gate structure 82 serves as the gate structure
for source follower transistor 18, and gate structure 84 serves as the gate structure for
select transistor 20.

[000100] FIG. 19 is a cross-sectional view of pixel 260 taken along section line 19-
19 of FIG. 18. FIG. 19 illustrates a cross-sectional view of photodiode 12, transfer
transistor 14, and common gate structure 262. For the sake of clarity interconnect 94 has
been omitted from FIG. 19. Photodiode 12 is laterally adjacent transfer transistor 14 and
floating diffusion capacitor 24. A floating diffusion region 70, which serves as a portion
of floating diffusion capacitor 24, is below a portion of a portion of source region 64. A
contact 90 is formed in contact with source region 64 of reset transistor 16 and a contact
92 is formed in contact with drain region 62 of select transistor 16.

[000101] FIG. 20 is a cross-sectional view of pixel 260 taken along section line 22-
22 of FIG. 18. FIG. 18 illustrates transfer transistor 14 and reset transistor 16 having a

common gate structure 262, source follower transistor 18 having gate structure 82 and
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select transistor 20 having gate structure 84. Floating diffusion region 70, which serves
as a portion of floating diffusion capacitor 24, is laterally adjacent reset transistor 16. A
contact 90 is formed in contact with source region 64 of reset transistor 16, a contact 92 is
formed in contact with drain region 62 of select transistor 16, and a contact 86 is formed
in contact with the drain region of select transistor 20. For the sake of clarity
interconnect 94 has been omitted from FIG. 20.

[000102] FIG. 21 is a circuit schematic of a pixel 300 in accordance with another
embodiment of the present invention. Pixel 300 is similar to pixel 10 except that the
drain of reset transistor 16 is not directly connected to the drain of source follower
transistor 18. Thus, pixel 300 is comprised of photodiode 12, transfer transistor 14, reset
transistor 16, source follower transistor 18, and select transistor 20. By way of example,
photodiode 12 is a pinned photodiode having an anode and a cathode and transistors 14-
20 are Metal Oxide Field Effect Transistors (MOSFETs), where each transistor has a
gate, a drain, and a source. More particularly, the gate of transfer transistor 14 is
connected to the gate of reset transistor 16 and the drain of transfer transistor 14 is
commonly connected to the source of reset transistor 16 and to the gate of source
follower transistor 18 to form a node 22. The source of transfer transistor 14 is connected
to the cathode of photodiode 12 and the anode of photodiode 12 is coupled for receiving a
source of operating potential Vss. By way of example source of operating potential Vgs
is ground. Node 22 is connected to source of operating potential Vgg through floating
diffusion capacitor 24. Node 22 may be referred to as a floating diffusion node. The
drain of reset transistor 16 is connected to pixel voltage Vpp pix and the drain of source
follower transistor 18 is coupled for receiving a pulsed source of operating potential Vpp.
Separating the sources of operating potential coupled to the drains of transfer transistor
16 and source follower transistor 18 allows for a higher signal swing at floating diffusion
node 22 caused by clock feedthrough through the parasitic drain-gate capacitance of
transistor 18. This allows the use of a higher transfer voltage and a higher pinning
voltage VPIN of photodiode 12. Thus, a larger amount of charge can be stored and
transferred from photodiodes 12 to floating diffusion capacitors 24. The source of source
follower 18 is connected to the drain of select transistor 20. The gate of select transistor

20 is coupled for receiving a select signal Vggr. Because the gates of transfer transistor
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14 and reset transistor 16 are commonly connected, the configuration may be referred to
as a common gate pixel or a common gate 4T pixel.

[000103] FIG. 22 is a circuit schematic of an active pixel array in accordance with
an embodiment of the present invention. What is shown in FIG. 22 is a 3x3 section 302
of a sensor array of active pixels 300. It should be noted that a typical pixel array may
have more than a million pixels arranged in rows and columns. In accordance with an
embodiment, each pixel is connected to a transfer/reset bus, a select bus, and a
corresponding column 74 A, 74B, and 74C. More particularly, for each pixel row the
commonly connected transfer transistor and reset transistor gate terminals (node 15 in
FIG. 18) are connected to the transfer/reset bus and the select transistor gate terminals
(terminal 21 in FIG. 18) are connected to the select bus. Thus, nodes 15 of row 0 are
connected to transfer/reset bus 152 and gates terminals 21 of row 0 are connected to
select bus 154¢; nodes 15 of row 1 are connected to transfer/reset bus 152, and gates
terminals 21 of row 0 are connected to select bus 1544; and nodes 15 of row 2 are
connected to transfer/reset bus 152, and gates terminals 21 of row 2 are connected to
select bus 154,. Voltage Vrgrgr is applied to transfer/reset busses 1520, 1525, and 1525,
and voltage Vggy is applied to select busses 154, 1544, and 154,. The source terminals of
each select transistor in a column of pixels is connected to a corresponding column 74A,
74B, and 74C. Each column may be coupled to a precharge transistor (not shown) for
operation in current starvation mode in which the columns are precharged before
sampling and where the sampling occurs without an active current load. Alternatively,
each column may be coupled for receiving a bias current from a voltage controlled
current sink. More particularly, for each pixel row the commonly connected transfer
transistor and reset transistor gate terminals (node 15 in FIG. 1) are connected to the
transfer/reset bus and the select transistor gate terminals (terminal 21 in FIG. 14) are
connected to the select bus. The source terminals of the each select transistor for the
pixel row are coupled for receiving a bias current from a corresponding current sink Icoy.
Voltage Vrrre is applied to the transfer/reset bus and voltage Vsgy is applied to the select
bus. The drains of reset transistors 16 are coupled for receiving a voltage Vpp pix and the
drains of source follower transistors 18 are coupled for receiving pulsed source of

operating potential Vpp.
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[000104] Like the array of pixels 150 comprising a plurality of pixels 10, the array
302 of pixels 300 can operate in a rolling shutter operating mode or a snapshot operating
mode. In both the rolling shutter and the snapshot operating modes, photodiodes 12 and
floating diffusion capacitors 24 are reset before integration. In the rolling shutter
operating mode, photodiodes 12 and floating diffusion capacitors 24 in a first row, e.g.,
row 0, are reset by applying a voltage Virre to transfer/reset bus 152 and thus to nodes
15, i.e., the common gates of transfer transistors 14 and reset transistors 16. After row 0
is reset each subsequent row is reset in sequence, for example, row 1, row 2, etc. The
sequence for resetting the rows of pixels is not a limitation of the present invention. For
example, resetting can first occur on a row other than row 0 and may occur out of
sequence, i.¢., row 2 may be reset after row 0 or row 0 may be reset after row 1.
Resetting the rows discharges photodiodes 12 and floating diffusion capacitors 24.
[000105] FIG. 23 is a timing diagram 360 for operation in the rolling shutter mode
in accordance with an embodiment of the present invention. Timing diagram 360
includes plots 360A, 360B, 360C, and 360D. At time ty, the drain voltage of reset
transistor 16 is at a voltage level Vpp prx and at time t; the drain voltage transitions from
voltage level Vpp pix to about zero volts. The photodiodes 12 and floating diffusion
capacitors 24 of row 0 are reset or discharged by raising voltage Vrrre to a voltage that is
greater than or equal to voltage Vpp pix + Vinis at time t,. At time t3, photodiodes 12 and
floating diffusion capacitors 24 are sufficiently discharged, thus voltage Vigrge transitions
to about zero volts. The photodiodes 12 and floating diffusion capacitors 24 of row 1 are
reset or discharged by raising voltage Virre of transfer/reset bus 152 to a voltage that is
greater than or equal to voltage Vpp pix + Ve at time t;. At time ts, photodiodes 12 and
floating diffusion capacitors 24 are sufficiently discharged, thus voltage Vigrge transitions
to about zero volts. This process continues until each of the rows of photodiodes 12 and
floating diffusion capacitors 24 have been reset. Although only three rows and three
columns are shown in FIG. 19 and only resetting of row 0 and row 1 have been shown in
plot 360A, it should be understood that the number of rows and columns is not a
limitation of the present invention and that preferably each row of photodiodes 12 and

floating diffusion capacitors 24 is reset.
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[000106] At time t4, the voltage at the drain of reset transistor 16 transitions to a
voltage level of about voltage Vpp pix. At time t7, select voltage Vg is applied to row
selector bus 154 and a voltage Vgy asserts column 74A so that the floating diffusion
voltage at node 22 can be read, i.¢., select voltage Vsgr. and voltage Vgy transition to
logic high voltage levels V. After reading out the floating diffusion voltage, voltage
Vsy transitions to a logic low voltage V| at time tg and select voltage Vg transitions to a
logic low voltage Vi, at time to.

[000107] At time t)0, voltage Vrrge is at a voltage that is greater than or equal to
voltage Vv + Viia. More particularly, voltage Vrgg transitions to a voltage that is
greater than or equal to voltage Vpin + Vinis and less than voltage Vpp prx + Vinie thereby
transferring the charge from photodiodes 12 associated with row 0 to floating diffusion
capacitors 24 associated with row 0. At time t;;, voltage Vrrg transitions to about zero
volts. Maintaining voltage Vrrre at a level that is greater than or equal to voltage Ve +
Vs and less than voltage Vpp pix + Vinis provides a voltage that is sufficient to transfer
the charge from the photodiode, but is insufficient to reset photodiodes 12 and diffusion
capacitors 24 because pinned photodiodes 12 reset to their depletion or pinning voltage
Vei.

[000108] At time ty5, select voltage Vg is applied to row selector bus 154 and a
voltage Vgsy asserts column 74A so that the floating diffusion voltage at node 22 can be
read, i.e., select voltage Vgsgr, and voltage Vgy are at logic high voltage level V. After
reading out the floating diffusion voltage, voltage Vsy transitions to a logic low voltage
V1 at time t;3 and select voltage Vggy, transitions to a logic low voltage Vi at time t;4.
Subtraction circuitry (not shown) subtracts the voltage at common gate node 15 from the
voltage read at time t;, to remove ktc noise and fixed pattern noise.

[000109] At time t;5, the voltage at the drain of source follower transistor 18
transitions from voltage Vpp pix to a lower voltage, which can be, for example, zero
volts.

[000110] At time t;6, the voltage at the drain of source follower transistor 18
transitions from about zero volts to a higher voltage which can be Vpp pix.

[000111] At time t;7, select voltage Vggy is applied to row selector bus 154, and a
voltage Vgp asserts column 74B so that the floating diffusion voltage at node 22 can be
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read, i.e., select voltage Vgsgr and voltage Vgy are at logic high voltage levels Vy. After
reading out the floating diffusion voltage, voltage Vsy transitions to a logic low voltage
V1 at time t;5 and select voltage Vggy, transitions to a logic low voltage Vi at time t;.
[000112] At time ty, voltage Vrrge is at a voltage that is greater than or equal to
voltage Vv + Viia. More particularly, voltage Vrgg transitions to a voltage that is
greater than or equal to voltage Vpin + Vinis and less than voltage Vpp prx + Vinie thereby
transferring the charge from photodiodes 12 associated with row 1 to floating diffusion
capacitors 24 associated with row 1. At time t»;, voltage Vrrg transitions to about zero
volts. Maintaining voltage Vrrre at a level that is greater than or equal to voltage Ve +
Vs and less than voltage Vpp pix + Vinis provides a voltage that is sufficient to transfer
the charge from the photodiode, but is insufficient to reset photodiodes 12 and floating
diffusion capacitors 24 because pinned photodiodes 12 reset to their depletion or pinning
voltage V.

[000113] At time ty,, select voltage Vggy is applied to row selector bus 154, and a
Vsp asserts column 74B so that the floating diffusion voltage at node 22 can be read, i.c.,
select voltage Vg1 and voltage Vg transition to logic high voltage levels Vi, After
reading out the floating diffusion voltage, voltage Vsy transitions to a logic low voltage
V1 at time t3 and select voltage Vggy, transitions to a logic low voltage Vi at time ty4.
Subtraction circuitry (not shown) subtracts the voltage read out during the time period
from time t; to time ty and the voltage read at time t,, to remove ktc noise and fixed
pattern noise.

[000114] At time tys, the voltage at the drain of reset transistor 16 transitions from
voltage Vpp pix to a lower voltage which can be, for example, zero volts.

[000115] It should be noted that the pulse Vrgrre between times t; and t; correspond
to resetting row 0 and the pulse between times t4 and ts correspond to resetting row 1.
The pulses between times t; and t;; correspond to selecting and transferring data from
row 0 and the pulses between times ts and t,; correspond to selecting and transferring
data from row 1. This process continues for each row in the pixel array. Preferably, the
time period between times t3 and t;; is the same as the time for the time period between
times ts and tp;. These time periods represent the integration time for the corresponding

TOWS.
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[000116] FIG. 24 is a timing diagram 380 for operation in the snapshot mode in
accordance with an embodiment of the present invention. Timing diagram 380 includes
plots 380A, 380B, 380C, and 380D. At time to, the drain voltage of reset transistor 16 is
at a voltage level Vpp pix and at time t; the drain voltage transitions from voltage level
Vb pix to about zero volts. The photodiodes 12 and floating diffusion capacitors 24 for
all the pixels are reset or discharged by raising voltage Vrgre to a voltage that is greater
than or equal to voltage Vpp pix + Vinie at time t>. At time t3, photodiodes 12 and floating
diffusion capacitors 24 are sufficiently discharged, thus voltage Vigrrg transitions to about
a zero voltage level.

[000117] At time t4, the drain voltage of select transistor 16 has transitioned from
about zero volts to about a voltage level Vpp prx. Vrrre transitions to a voltage that is
greater than or equal to voltage Vpin + Vinia.

[000118] At time ts, voltage Vrgrre is at a voltage that is greater than or equal to
voltage Vv + Viia. More particularly, voltage Vrgg transitions to a voltage that is
greater than or equal to voltage Vpin + Vinis and less than voltage Vpp prx + Vinie thereby
globally transferring the charge from photodiodes 12 to floating diffusion capacitors 24
without resetting photodiodes 12 or floating diffusion capacitors 24. At time t¢, voltage
Vrrre transitions to about zero volts.

[000119] At time t;, select voltage Vggy, is applied to row selector bus 154 and a
voltage Vgsy asserts column 74A so that the floating diffusion voltage at node 22 can be
read, i.e., select voltage Vgsgr, and voltage Vgy transition to logic high voltage levels Vy.
After reading out the floating diffusion voltage, voltage Vg transitions to a logic low
voltage Vi at time tg and select voltage Vsgy transitions to a logic low voltage Vi, at time
to.

[000120] At time ty9, voltage Vrrre has transitioned to a voltage that is greater than
or equal to voltage Vpp pix +Viies, Which resets photodiodes 12 and floating diffusion
capacitors 24. At time t;;, photodiodes 12 and floating diffusion capacitors 24 are
sufficiently discharged, thus voltage Virgg transitions to about zero volts.

[000121] At time t,, select voltage Vggy is applied to row selector bus 154 and a
voltage Vgsy asserts column 74A so that the floating diffusion voltage at node 22 can be

read, i.e., select voltage Vgsgr, and voltage Vgy transition to logic high voltage levels Vy.
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After reading out the floating diffusion voltage, voltage Vg transitions to a logic low
voltage Vi at time t;3 and select voltage Vg, transitions to a logic low voltage Vi at time
t14.

[000122] At time t;5, select voltage Vggy is applied to row selector bus 154, and at
time ti¢ a voltage Vgy asserts column 74B so that the floating diffusion voltage at node 22
can be read, i.e., select voltage Vsgr, and voltage Vsy have transitioned to logic high
voltage levels V. Voltage Vg transitions to a logic low voltage level Vi, at time t;¢ and
select voltage Vg, transitions to a logic low voltage level Vi at time t;5.

[000123] At time t;g, voltage Vrrre has transitioned to a voltage that is greater than
or equal to voltage Vpp pix + Vinis, Which resets photodiodes 12 and floating diffusion
capacitors 24. At time t9, voltage Vrrre transitions to about zero volts.

[000124] At time ty, select voltage Vggy is applied to row selector bus 154, and at
time ty, a voltage Vsy which asserts column 74B so that the floating diffusion voltage at
node 22 can be read, i.e., select voltage Vsg, and voltage Vs have transitioned to logic
high voltage levels V. Voltage Vgy transitions to a logic low voltage level Vi, at time t5;
and select voltage Vg, transitions to a logic low voltage level Vi at time t,,.

[000125] It should be appreciated that the pulse widths of pulses Vgy are may be
wider than shown in FIG. 24.

[000126] FIG. 25 is a circuit schematic of a pixel 350 in accordance with another
embodiment of the present invention. Pixel 350 is similar to pixel 10 except that a
transistor 352 is coupled between source of operating potential Vpp prx and photodiode
12. The drain of photodiode reset transistor 352 is commonly connected to the drains of
reset transistor 16 and source follower transistor 18, the source of photodiode reset
transistor 352 is connected to the cathode of photodiode 12, and the gate of photodiode
reset transistor 352 is coupled for receiving a reset signal Vppggs.

[000127] FIG. 26 is a circuit schematic of a pixel 400 in accordance with another
embodiment of the present invention. Pixel 400 is pixel 10 shown in FIG. 2 except that a
memory element 402 is connected between the gate of source follower transistor 18 and a
pulsed source of potential Vygv. By way of example, memory element 402 is a
capacitor. The source of select transistor 20 is connected to a column 404. In addition,

the circuit schematic of pixel 400 includes a parasitic gate to source capacitance 406.
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Capacitor 402 increases the diffusion voltage prior to the transfer of charge from
photodiode 12 to floating diffusion capacitor 24.

[000128] By now it should be appreciated that a pixel and a method for transferring
charge to voltage in the pixel have been provided.

[000129] Although specific embodiments have been disclosed herein, it is not
intended that the invention be limited to the disclosed embodiments. Those skilled in the
art will recognize that modifications and variations can be made without departing from
the spirit of the invention. It is intended that the invention encompass all such

modifications and variations as fall within the scope of the appended claims.
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CLAIMS

What is claimed is:

L. A pixel, comprising:

a reset transistor having a control electrode and first and second current carrying
electrodes;

a transfer transistor having a control electrode and first and second current
carrying electrodes, wherein the control electrode of the transfer transistor is coupled to
the control electrode of the reset transistor, and the first current carrying conductor of the
transfer transistor is coupled to the second current carrying transistor of the reset

transistor and forms a first node.

2. The pixel of claim 1, further including a source follower transistor having a
control electrode and first and second current carrying electrodes, wherein the control
electrode is coupled to the first current carrying electrode of the transfer transistor and to

the second current carrying electrode of the reset transistor.

3. The pixel of claim 2, wherein the first current carrying electrode of the reset
transistor and the first current carrying electrode of the source follower transistor are

coupled for receiving a first source of operating potential.

4. The pixel of claim 2, wherein the first current carrying electrode of the reset
transistor is coupled for receiving a first source of operating potential and the first current
carrying electrode of the source follower transistor is coupled for receiving a second

source of operating potential.

5. The pixel of claim 1, further including a select transistor having a control
electrode and first and second current carrying electrodes, the first current carrying
electrode coupled to the second current carrying electrode of the source follower

transistor.

27



WO 2011/133749 PCT/US2011/033388

6. The pixel of claim 1, further including a pinned photodiode coupled to the second

current carrying conductor of the transfer transistor.

7. The pixel of claim 1, further including a floating diffusion capacitor coupled to
the first node.

8. A pixel, comprising:

a semiconductor material of a first conductivity type having a major surface;

a photodiode formed from a first portion of the semiconductor material;

a first doped region of the first conductivity type formed from a second portion of
the semiconductor material;

a second doped region of the first conductivity type formed from a third portion of
the semiconductor material;

a third doped region of a second conductivity type formed from a fourth portion
of the semiconductor material, the fourth portion of the semiconductor material between
the second and third doped regions;

a fourth doped region of the second conductivity type formed in the first doped
region;

a fifth doped region of the second conductivity type formed in the second doped
region;

a first gate structure formed over portions of the first and second doped regions;
and

a second gate structure formed over portions of the photodiode and the third

doped region, wherein the second gate structure is coupled to the first gate structure.
9. The pixel of claim 8, further including:
a third gate structure formed over a first portion of the second doped region; and

a fourth gate structure formed over a second portion of the second doped region.

10. The pixel of claim 9, further including an electrical conductor coupling the third

doped region to the third gate structure.
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1. The pixel of claim 9, further including a floating diffusion region of the first

conductivity type formed from the fourth portion of the semiconductor material.

12. The pixel of claim 8, wherein the first and second gate structures cooperate to

form a ring structure.

13. The pixel of claim 12, further including one or more light shiclding elements

formed on the ring structure.

14. A pixel, comprising:

a photodiode having an anode and a cathode;

a first switch having a control terminal and first and second current carrying
terminals, the first current carrying terminal coupled to the cathode of the photodiode;

a second switch having a control terminal and first and second current carrying
terminals, the first current carrying terminal of the second switch coupled for receiving a
first source of operating potential, the second current carrying terminal of the second
switch coupled to the second current carrying terminal of the first switch, and the control
terminal of the second switch coupled to the control terminal of the first switch;

a third switch having a control terminal and first and second current carrying
terminals, the first current carrying terminal of the third switch coupled to the second
current carrying terminals of the first and second switches;

an amplifier having an input coupled to the second current carrying terminal of
the third switch; and

a memory element coupled to the second current carrying terminal of the first

switch.

15.  The pixel of claim 14, wherein the memory element is a floating diffusion

capacitor.
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16. The pixel of claim 14, wherein the amplifier is a transistor configured as a source
follower.
17. The pixel of claim 14, wherein the first, second, and third switches are comprised

of first, second, and third transistors, respectively.

18. A method, comprising:

providing the plurality of pixels, wherein pixels of the plurality of pixels each
include first, second, third, and fourth transistors, a photodiode, and a floating diffusion
capacitor, wherein each transistor has a control electrode and first and second current
carrying electrodes, the control electrodes of the first and second transistors commonly
coupled together, the first current carrying electrode of the second transistor coupled to
the second current carrying electrode of the first transistor and to the control electrode of
the third transistor, and the second current carrying electrode of the third transistor
coupled to the first current carrying electrode of the fourth transistor, the photodiode
coupled to the second current carrying electrode of the second transistor, and the floating
diffusion capacitor coupled to the second current carrying electrode of the first transistor;

resetting the photodiode and the floating diffusion capacitor by applying a first
voltage that is greater than a first voltage level to the commonly connected control
electrodes of the first and second transistors; and

transferring charge from the photodiode to the floating diffusion capacitance by
applying a second voltage that is less than the first voltage level to the commonly

connected control electrodes of the first and second transistors.

19. The method of claim 18, further including coupling the first current carrying
electrode of the first transistor for receiving a first source of operating potential and
wherein the first voltage level is greater than a voltage level of the first source of

operating potential.

20. The method of claim 19, wherein the second voltage has a level that is less than

the first voltage level and greater than a pinning voltage of the photodiode.
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