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LIGHT SENSOR WITH CORRELATED DOUBLE SAMPLING

FIELD

The present disclosure relates to the field of photodetectors for image sensors and in
particular to a system and method with correlated double sampling.
BACKGROUND

Photodetectors typically use a material which absorbs incident light and produces a free
electron or electron/hole pair in response to the absorbed light. The number of free electrons
depends on the amount of light incident on the material and the efficiency of material used by the
photodetector to produce the free electrons.

The detail of any image produced by an array of photodetectors is determined by the
accuracy of each photodetector and the total number of photodetectors, usually stated in terms of
megapixels. For many applications, the market demands cameras with ever increasing detail in
an ever smaller size package. To provide more detail for an image sensor as well as to provide
smaller image sensors, the photodetector at each pixel must be made smaller. As each pixel
becomes smaller, the number of free electrons that it can produce in a particular interval of time
is reduced. The smaller number of free electrons reduces the accuracy of the photodetector and
also increases the impact of noise.

Any semiconductor device suffers from leakage current and other effects that cause a small
number of free electrons to be continually produced and conveyed through the material. The
number of free electrons is small, but they may appear at almost any place in a semiconductor
circuit and structure. When these free electrons are mixed with the free electrons from a
photodetector, the leakage electrons cause seemingly random variations in the apparent outputs
of the photodetectors. When the photodetectors are large and produce a large output, then the
noise is small and may be ignored. However, the results from smaller pixels with fewer electron
outputs may be significantly affected by the noise electrons.

Photodiode based imagers are the predominant type used for image sensors for large and
small camera systems. The pixels in these images have been reduced in size to enable higher
resolution cameras for small devices such as cellular telephones, security cameras, and portable
cameras. Current ~1pum size pixels are near to a limit in terms of manufacturability and ability to
produce a signal that is acceptably larger than the noise threshold. Smaller size pixels also are
less sensitive to longer wavelengths as the pixel size approaches the wavelength of the light
being measured.

Other types of imagers use either quantum dots or organic films as the active element to

convert incident light into free electrons. In the quantum dots example, dots are applied to a



10

15

20

25

30

35

WO 2017/019173 PCT/US2016/034843

surface, for example as colloids dispersed in a film. The generated free electrons are then
measured using electrodes coupled with circuitry that may be formed in a conventional silicon
substrate. The quantum dot film or quantum film may be fabricated so that a pixel converts light
into free electron/hole pairs improving sensitivity, especially to longer wavelengths. However,
charge collection and read out circuitry associated with the quantum film pixel also produce
more noise.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are illustrated by way of example, and not by way of limitation, in the
figures of the accompanying drawings in which like reference numerals refer to similar elements.

Figure 1 is a diagram of a photodetector circuit for a single pixel with a sensor, circuitry,
and other components according to an embodiment.

Figure 2 is a timing diagram of an example operation cycle for the circuit of Figure 1
according to an embodiment.

Figure 3 is a diagram of an alternative photodetector circuit for a single pixel with a sensor,
circuitry, and other components according to an embodiment.

Figure 4 is a timing diagram of an example operation cycle for the circuit of Figure 3
according to an embodiment.

Figure 5 is a diagram of another alternative photodetector circuit for a single pixel with a
sensor, circuitry, and other components according to an embodiment.

Figure 6 is a timing diagram of an example operation cycle for the circuit of Figure 5
according to an embodiment.

Figure 7 is a process flow diagram of the timing of a photodetector circuit according to an
embodiment.

Figure 8 is a block diagram of an image sensor with multiple photodetectors and circuits
according to an embodiment.

Figure 9 is a block diagram of a computing device incorporating interactive video
presentation according to an embodiment.
DETAILED DESCRIPTION

As described herein, high read noise in a photodetector circuit is corrected. This is done
using a read-out circuit and methodology that allows the correlated noise, including reset noise,
to be compensated. The techniques are particularly useful in quantum film and organic sensors
but may be applied to other photodetector systems that decouple the charge conversion element
from the pixel circuitry.

A film of quantum dots may be configured to act as a charge generator. When a photon of

sufficient energy strikes a quantum dot in the film an electron/hole pair is freed. If there is no
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electric field applied to the region of the film then the electron and hole will quickly recombine.
The film may be connected to a charge storage element, such as a capacitor. The storage
element can be used both to apply an electric field to collect the free electrons and to store the
resulting charge.

A variety of different circuit configurations can be used to collect the electrons into the
storage element and to determine the amount of the collected charge. In one example, a reset
transistor is first turned on to drain any accumulated charge from the storage element and to set
that storage node to a known voltage. The reset transistor is then switched off to collect
electrons from photodetector.

An optional transfer transistor is then turned on to connect the storage element to the
quantum film of a photodetector. While not required, the transfer transistor enables electronic
control of the exposure, which is useful in some applications. When the film is connected to the
storage element, any charge generated in the film is then swept into the storage element reducing
the voltage on the storage node. The voltage on the storage node is reduced proportionally to the
number of freed electrons in the film, which is proportional to the number of photons that have
been absorbed by the film. The transfer transistor is then switched off to isolate the storage
element from the film and stop the collection of charge. To obtain an amplitude or illumination
value for the photodetector, the voltage at the storage element is read.

This read value may then be used as the amplitude or light intensity at the particular
photodetector. Millions of such photodetectors may be combined to form an image sensor.
Typically there will be separate photodetectors for red, green, and blue light. In some cases, all
of the photodetectors are used to detect the same color for infrared or black and white imaging.

The accuracy of the reading depends on the accuracy of the original reset voltage and the
accuracy of the storage element in resetting and in collecting electrons only from the
photodetector. In order to improve the accuracy, the storage element can be reset a second time
after the reading is taken. The second reset voltage at the storage element is read and compared
to the read value as a way to normalize the reading. There is, however, a variation in the voltage
on the storage element after a reset. Since two different resets are used, any difference between
the two reset voltages causes an unknown variation in the result which results in noise.

It has been observed that a typical 1.1um pixel sensor based on quantum film produces
more free electron/hole pairs more quickly than a traditional photodiodes. This provides higher
contrast for more detail and a better response in low light. On the other hand, the noise level is
much higher so that the improved detail is obscured by the noise.

Figure 1 is a diagram of a photodetector circuit for a single pixel with a sensor, circuitry,

and other components, suitable for use with a quantum dot film sensor and other charge
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producing photodetector technologies. The illustrated system provides correlated double-
sampling and a much lower read noise.

A photodetector element 102 is based around the use of quantum dots to generate a charge.
The quantum dots are provided as a colloid in a film 104 that is contained between a top
electrode 106 and a bottom electrode 108. The top electrode is set at a precise known voltage
such as OV using a DAC (Digital to Analog Converter) 110 or any other suitable device. The
bottom electrode is coupled to an output line 112 and is allowed to float. Light incident on the
photodetector passes optionally through a micro-lens 114 and through the top electrode 106,
which may be transparent, to the quantum dots in the film 104.

The light interacts with the film to produce free electron/hole pairs as discussed above
which may be collected at the bottom output 112 through the bottom electrode 108. The lens
114 may be used to focus optical energy onto the area containing the quantum film. The lens
may also include a color filter for infrared, red, green, or blue light. There may be additional
filters, such as anti-aliasing filters, ultraviolet filters, etc. While only one photodetector is
shown, there may be many more to create an image sensor or another type of sensor for any of a
variety of different uses. There may also be additional components, such as additional optical
elements, exposure controls, protective covers, electrical components, etc. While a quantum
film-based detector is shown, other types of photodetector components may be used instead of or
in addition to the quantum film detector.

The output of the photodetector is coupled to a circuit for measuring the charge produced
by the detector. This circuitry may be beside the photodetector as shown or some or all of the
circuitry may be beneath the photodetector so that the circuitry does not interfere with the
operation of neighboring photodetectors.

The measuring circuit has two storage elements 120, 122 (C1, C2) in parallel. These are
shown as capacitors, however, they may also be any other suitable circuitry that stores a charge.
The storage elements are coupled on one side to a common 140 or ground potential and on the
other side to an output line 142 that is connected to the photodetector output 112. A transfer
switch 126 (Tx) is coupled between the first storage element and the second storage element.

The output line 142 is also coupled to a reset switch 128 (Tr) connected to alternately
connect or disconnect the storage elements to a reference voltage 134 (Vaa). The output line is
also coupled through a buffer 130 to a row select switch 132 (Rs) which is coupled to a read line
138. The read line may be a column read or a row read, depending on the implementation, to
allow the read voltage to be transferred to a central buffer as the amplitude value for the pixel.

The switches are all coupled to a controller 136 to control the timing and operation of the

switches. While the switches are all shown as simple transistors, other and more complex forms
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of switches may be used. Additional filters, switches, control lines and other elements may be
added to the circuit shown, depending on the implementation. The single circuit may share
components with other pixel circuits and may be coupled to other pixel circuits to form an image
sensor. The structures and techniques described herein may be applied to a single photodetector,
millions of photodetectors, or any other number in between.

Each of the photodetectors, such as the one 102 shown are coupled to a common image
processor 150. The image processor is coupled to the row 137 and column 138 lines and
controls the reading of each pixel. The image processor reads the value of the pixel circuit and
combines these values for all of the pixels to generate an image file. The image processor may
also control the controller 136, which controls the operation of the circuit. The image processor
may perform other operations including noise reduction, format conversion, storage, image
modification for special effects and others.

The illustrated circuit may be modified to suit different implementations. As an example,
the reset transistor 128 may be moved to the first storage node 120. In addition, all of the
circuitry except the transfer switch 126 may be shared by multiple pixels. Each photodetector
may have a unique transfer switch to connect or disconnect the photodetector to the shared
circuit. In such an implementation the photodiode values are read in sequence. Either approach
may be used, depending on the intended use of the image sensor. For a global shutter operation
the pixels are sensed or sampled at the same time.

Figure 2 is a timing diagram to show one example of the operation of the circuit. In Figure
2, time is on the horizontal axis from left to right and voltage is on the vertical axis with a
separate scale for each pixel. The sequence is repeated for each image capture. To capture a
video for example, the sequence may be repeated 24 or 30 times per second or more.

The sequence for the circuit begins at the origin 202 with all signals set low, although the
state of C1 and C2 may still be indeterminate. The initial state of C1 and C2 are not important as
described further herein. The photodetector may be accumulating charge with exposure to light
at this time. At the first time step 204, both the reset transistor Tr and the transfer transistor Tx
are switched high by the controller. As a result, these gates are opened. This couples the
collection side of both storage capacitors C1, C2 to the reference voltage Vaa. The result is to
reset both capacitors by draining any accumulated charge from both the C1 and C2 nodes. The
capacitors are changed from some indeterminate state (shown as zero, but not necessarily zero)
to a reset voltage.

The capacitor voltage rises slowly as the capacitors accumulate charge from the reference
reset voltage Vaa. This is shown as the voltage rise curves 230, 232 for each capacitor. The

curves start with a steep slope and then level off and will increase asymptotically toward the
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reset voltage. The specific response will vary slightly between the two capacitors and depend on
the quality of the connection to the reset voltage 134 as well as any leakage currents that may
exist in the system. The reset voltage of the second storage node C2 122 will naturally vary each
time the storage capacitors are reset. The change in voltage from reset to reset introduces an
unknown variation in the value read from the second capacitor C2 122.

The two capacitors serve as floating diffusion wells. The first capacitor may be designed
so that it acts as a fully depleted charge well after being coupled to the reset voltage. In this way
there is no charge in the well. The voltage may or may not be well-defined or determined and as
described below, it is also not necessary to measure the voltage in the first capacitor. The
capacitor may also be configured so that it has a finite amount of charge storage after which it
becomes resistive. While this capacitor is used to collect charge, it is not used to measure the
voltage.

The second capacitor, also a floating diffusion well, may or may not be a fully depleted
well. This capacitor has a defined and measurable voltage after being reset. This voltage is
measured, and then the charge from the first well is transferred to the second well through the
transfer switch. The voltage of the second well is measured again after the charge transfer. The
transfer switch Tx is fully charge transferring so that the first well is depleted and all or almost
all of the charge from the first well is transferred to the second well.

The two well configuration allows the two wells to each be optimized for their assigned
function. The image processor measures and stores voltages, but the photodetector produces
charge. The first well may be specialized for collecting charge from the photdetector. If the first
well is fully depleted after reset then all of the charge is attributable to the photodetector. This is
very useful for photodetectors that produce only a small amount of charge due to size or the
darkness of the scene being imaged. The second well may then be optimized for accurate
voltage measurements to convert the transferred charge to a measureable voltage. The specific
physical characteristics of these two charge storage nodes may be adapted to any of a variety of
different size, cost, packaging and materials constraints.

At the next time step 206, the controller releases the reset. Both the reset transistor Tr and
the transfer transistor Tx are closed. The voltage at the first capacitor C1 node drops down to a
lower value that depends on the total charge capacity of the capacitor. This voltage is the same
each time, but not known for every pixel. In other words, each time the storage element is fully
depleted it will return to the same voltage, but each pixel will have a different voltage. This drop
is indicated at 234. C2 in contrast is not operated in a fully depleted mode and therefore the
voltage does not drop when the reset is released. It is, however, subject to variations in reset

voltage. This variation will be accounted for later in the process by means of correlated double-
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sampling

At 204, the reset switch Tr and the transfer switch Tx are closed. The first capacitor C1 is
connected to the photodetector output 112, e.g. the quantum film. Any charge generated by the
quantum film is swept into the C1 node where it is accumulated and reduces the voltage of the
C1 node. This is shown as a steady drop in C1 voltage at 236. The second capacitor C2 is not
affected because the transfer transistor Tx is closed. The second capacitor C2 node may leak
during this interval without impacting the performance of the pixel as explained later in the
sequence.

At 206, the reset transistor Tr is turned on again, this time with the transfer gate Tx off. As
aresult, the C2 node voltage is reset again. Any charge accumulated during the exposure time
(not shown) due to leakage is removed and the C2 node is restored to the reset voltage. As
before, this reset voltage is still not known with certainty.

At the next time step 208, the row select switch Rs is opened and the reset voltage is read
from C2. Because the signal is passed through a high impedance buffer 130, the value of the C2
node is not changed. This read provides the actual reset value at the relevant time including any
uncontrolled variation in level. This is the reference voltage that is used to convert the read
charge collected from the first storage element 120 into voltage.

At the next step 210, the row select switch is closed and the controller opens the transfer
switch Tx. The charge at the C1 node is transferred from the C1 node to the C2 node when the
Tx gate is opened. This is the read charge at the C2 node from the C1 node. The read charge is
converted to voltage based on the capacitance of the C2 node. In addition, because the read
charge is transferred to the C2 node, the voltage at the C2 node does not depend on the unknown
C1 reset voltage. The C2 reset voltage has just been read as a reference and is known.

At the next time step 212, the transfer switch is closed. This may be timed so that the first
storage node has been fully transferred into the second node. At 214, the voltage of the second
storage capacitor C2 corresponding to the read charge is read again by opening the row select
switch. The new voltage reading is compared to the previously stored reset value or reference.
The difference is used as the final pixel voltage value or the sensed charge in that it corresponds
to the charge sensed by the photodetector. At time step 216 all of the switches are closed and the
system is ready to be reset for the next sample. Since both voltages are read from the same
capacitor at almost the same time, time steps 208 and 212, this represents true correlated double
sampling with the reference and the read values. The correlated double sampling provides a
significant reduction in the read noise.

The reading and comparing of the voltages for each pixel is performed at the image

processor 150. There are many different implementations that may be used for the voltage read
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and compare system, including those for CCD and CMOS-based image sensors

Figure 3 is a diagram of an alternative single pixel with sensor, circuitry, and other
components. This alternative also provides correlated double-sampling and a much lower read
noise using two transfer switches 324, 326.

A photodetector element 302 has a charge-producing element such as a film 304 that is
contained between a top electrode 306 and a bottom electrode 308. The top electrode is set at a
precise known voltage such as OV using a DAC (Digital to Analog Converter) 310. The bottom
electrode is coupled to an output line 312. A micro-lens 314 directs light through a top electrode
306, to the film 304. The resulting charge is collected at the bottom output 312 through the
bottom electrode 308.

The measuring circuit has two storage elements 320, 322 (C1, C2) in parallel. These
capacitors, or other charge storage devices, may be configured differently as in Figure 1 so that
one is optimized for charge measurement and the other for voltage measurement. They are
coupled on one side to ground 340 and on the other side to an output line 342 that is connected to
the photodetector output 312.

A first optional transfer switch 324 (Tx1) is placed between the photodetector output and
the first storage element for the purposes of controlling the exposure time of the pixel. A second
transfer switch 326 (Tx2) is coupled between the first storage element and the second storage
element.

The output line 342 is also coupled to a reset switch 328 (Tr) connected to alternately
connect or disconnect the storage elements to a reference voltage 334 (Vaa). The output line is
also coupled through a buffer 330 to a row select 332 (Rs) which is coupled to a read line 338.
The row and column select lines 337, 338 are coupled to an image processor to collect pixel
values for all of the pixels of the image sensor.

The switches are all coupled to a controller 336 to control the timing and operation of the
switches. The additional transfer switch (Tx1) 324 may be used to precisely control the time of
exposure and also to provide a global shutter operation. For the global shutter, an exposure is
taken at all of the pixels of the image sensor at the same time. A rolling shutter operation allows
exposures to be taken at different pixels at different times usually in groups.

Figure 4 is a timing diagram to show an example of the operation of this alternative circuit
in which time is on the horizontal axis from left to right and voltage is on the vertical axis with a
separate scale for each pixel.

The circuit begins at the origin 402 with all signals set low. As in the example of Figure 2,
the state of C1 and C2 may still be indeterminate. The photodetector may be accumulating

charge with exposure to light at this time. At the first time step 404, both the reset transistor Tr
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and the second transfer transistor Tx2 are switched high by the controller. As a result, these
gates are opened. This couples the collection side of both storage capacitors C1, C2 to the
reference voltage Vaa to reset both capacitors by draining any accumulated charge from both the
C1 and C2 nodes. The capacitor voltage rises as shown in curves 430, 432 for each capacitor.

At the next time step 406, the controller releases the reset. Both the reset transistor Tr and
the second transfer transistor Tx2 are closed. The voltage at the first capacitor C1 node drops
down to a lower value that depends on the total charge capacity of the capacitor. This drop is
indicated at 434. At the next time step 408, the controller opens the first transfer transistor Tx1.
When this gate is opened the first capacitor is connected to the photodetector output 112, e.g. the
quantum film. Any charge generated by the photodetector while the gate is open is swept into the
C1 node where it is accumulated and reduces the voltage of the C node. This is shown as a
steady drop in C1 voltage at 436. This sample time of the transfer switch Tx1 may be used as a
shutter speed in some implementations. The TX1 gate may also be used to control or modulate
the exposure in some applications.

The second capacitor C2 is not affected because the second transfer transistor Tx2 is
closed. The second capacitor C2 node may leak during this interval without impacting the
performance of the pixel as explained later in the sequence.

After the end 410 of the exposure period the first transfer switch is closed and the next step
412 begins. The reset transistor Tr is turned on again, this time with the Tx2 gate off. Asa
result, the C2 node maintains its collected charge. Any charge accumulated during the exposure
time (not shown) due to leakage is removed and the C2 node is restored to the reset voltage. As
before, this reset voltage is still not known with certainty.

At the next time step 414, the row select switch Rs is opened and the reset voltage is read
from C2 to provide a reference value. Because the signal is passed through the high impedance
buffer 330, the value of the C2 node is not changed. This read provides the actual reset value at
the relevant time including the uncontrolled variation in level as a reference charge.

At the next step 416, the row select switch is closed and the controller opens the second
transfer switch Tx2 while the first transfer switch Tx1 remains closed. The charge at the C1
node is transferred from the C1 node to the C2 node when the Tx2 gate is opened. The charge is
converted to voltage based on the capacitance of the C2 node. In addition, because the charge is
transferred to the C2 node, the voltage at the C2 node does not depend on the unknown C1 reset
voltage. The C2 reset voltage has just been read and is known.

At the next time step 418, the voltage of the second storage capacitor C2 is read as a
voltage corresponding to the read charge from C1 and compared to the stored reset value by the

image processor 350. The difference is used as the final pixel value and is the voltage
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corresponding to the sensed charge from the photodetector. At time step 420 all of the switches
are closed and the system is ready to be reset for the next sample.

Figure 5 is a diagram of another alternative single pixel with sensor, circuitry, and other
components, suitable for use with charge producing photodetector technologies. The illustrated
system provides an additional reset switch 527 for the node between the two charge storage
devices C1, C2. This additional reset switch is particularly useful for pipelined global shutter
operation. The exposure time for the pipelined global shutter may be controlled by the optional
transfer switch Tx1.

A photodetector element 502 has a charge producing area 504 between a top electrode 506
and a bottom electrode 508. The top electrode voltage is set by a DAC (Digital to Analog
Converter) 510 or any other suitable device. The bottom electrode 508 is coupled to an output
line 512 and is allowed to float. A micro-lens 514 directs impinging illumination from a scene
through a top electrode 506 to the sensor area 504.

A bottom output 512 is coupled to the bottom electrode 508 which is coupled to a first
charge storage element (C1) 520 through a first transfer switch (Tx1). The first storage element
and a second storage elements 522 (C2) are coupled in parallel with a common ground on one
side and an output line 542 on the other. The first optional transfer switch 524 (Tx1) is placed
between the photodetector output and the first storage element for the purposes of controlling the
exposure time of the pixel. A second transfer switch 526 (Tx2) is coupled between the first
storage element and the second storage element.

The output line 542 is coupled between the two transfer switches 524, 526 to a first reset
switch (Tr1) 527. The output line 542 is also coupled to a second reset switch 528 (Tr2). The
reset switches alternately connect or disconnect the storage elements to a reference voltage 534
(Vaa). The output line is also coupled through a buffer 530 to a row select 532 (Rs) controlled
by a select line 537. The output of the row select is coupled to a column line 538. The row and
column lines are coupled to an image processor 550 for controlling the operation of the circuit.
The other switches are coupled to a controller 536 to control the timing and operation of the
switches. This controller may be a part of the image controller or a separate controller that
operates under the control of the image controller.

Figure 6 is a timing diagram with time on the horizontal axis and voltage on the vertical
axis for different parts of the system to show one example of the operation of the circuit of
Figure 5. This operation uses the two reset switches to provide a pipelined global shutter
operation. The circuit of Figure 5 may also be used to perform the operations of Figure 4 by
closing Tr1 and operating Tr2 as Tr of Figure 3. Similarly, the operations of Figure 2 may be

performed by also opening Tx1 and operating Tx2 as Tx of Figure 1. In the same way the circuit
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of Figure 3 may be used to perform the operations of Figure 2 by opening Tx2 and operating Tx1
as Tx of Figure 1. Many other operations, cycles, and methods not shown here may also be
performed with the illustrated circuits. The timing diagrams are shown only as examples of how
two storage elements may be used to reduce noise and increase operational system flexibility in
an image Sensor.

The circuit begins at the origin with all signals set low, although the state of C1 and C2
may still be indeterminate. At the first time step the first reset transistor Tr1 is set high while the
second reset transistor stays closed. As a result, the first storage element is coupled to the
reference voltage Vaa. The first storage element is reset and is then ready to measure an
exposure from the photodetector. The second storage element is isolated from all of this by the
transfer switches, which are both closed.

At the next time step 604, the controller releases the first reset switch. As in the other
examples, the voltage at the first capacitor C1 node drops down to a lower value shown at 640.
However, the capacitor has been fully depleted so that the charge is zero or near zero.

At 606 the first transfer switch Tx1 is opened to connect the first storage element to the
photodetector. The first capacitor is connected to the photodetector output 512 so that the charge
generated by the photodetector while the gate is open is swept into the C1 node where it is
accumulated and reduces the voltage of the C node. This is a first exposure shown as the steady
drop in C1 voltage at 642. The Tx1 gate is being used as a shutter to control or modulate the
exposure time.

The second capacitor C2 has not yet been affected because the second transfer transistor
Tx2 has been closed during this exposure. During the exposure at 610 with Tx2 still closed, the
second rest switch is opened. The C2 node is restored 646 to the reset voltage during the
exposure because there are two reset switches on opposite sides of Tx2. As before, this reset
voltage is still not known with certainty.

At 610, the first transfer switch Tx1 is closed ending the exposure and then the second
transfer switch Tx2 is opened to transfer 648 the collected charge from C1 to C2. At 612 Tx2 is
closed ending the transfer. At 614 with both transfer switches closed and the transfer to C2
completed, C1 is reset 650 for another exposure by opening Trl.

At 616 Tx1 is opened again allowing for another exposure and charge is transferred from
the detector to C1. During this exposure C2 is isolated from the exposure by Tx2. Accordingly
at 618 with Tx2 closed the row select switch Rs is opened and a voltage corresponding to the
read charge collected from C1 at 610 is read. At 620 this reading is ended by closing Rs. C2 is
then reset using Tr2 at 622. This may still be done during the second exposure. At 624, C2 is

reset 652 allowing for a reading at 626 of the reference reset voltage. The Rs switch is again
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opened to read the reset voltage. The difference between these two reads is then the voltage
value for the sensed charge for the first exposure. The second exposure may continue through
the end of the second reading at 628 to some other later time 630.

As shown in Figure 6, by using the two independent reset switches 527, 528 and isolating
the two storage nodes 520, 522 with a transfer switch 526, exposures, that is transfers from the
photodiode 502 to the first storage node 520 may be isolated from reading and resetting the
second storage node 522. The second storage node may then be read and reset during charge
transfers into the first storage node.

For a global shutter operation all of the exposures into the first storage node may be taken
for all of the pixels at the same time. All of the charge transfers from the first storage node to the
second storage node and the resets of the first storage node may be done at the same time. The
system may then read the exposure values from the second storage nodes for all of the pixels
serially and independent of the exposures. This allows the shared image processor 150 to read
the exposure values as a background process even as exposures are being made and the first
storage element is being reset.

Figure 7 is a process flow diagram of the timing shown in Figure 4. However, this process
flow also applies to the timing shown in Figures 2 and 6. The process begins at 702 with
resetting the voltage of a first storage element and a second storage element to a single reset
voltage. This may be done for example, by connecting the first and the second storage elements
through a reset transistor to a reference voltage. In Figure 6, these two operations are performed
independently using separate reset switches, one for each storage element.

At 704, the charge from a photodetector is collected at the first storage element. As shown
in Figure 3, the charge may be collected by opening a first transfer transistor between the first
storage element and the photodetector and closing a second transfer transistor between the first
storage element and the second storage element. However the first transfer transistor is optional.
Charge may be collected simply by releasing the reset as in Figure 2.

After the charge is collected, then the voltage of the second storage element is optionally
reset at 706 before transferring the charge. This provides more accuracy for noise reduction and
may be done while the first storage element remains disconnected from any other components.
As shown in Figure 6, this reset may also be performed after reading the voltage of the
transferred charge.

At 708 the reset voltage at the second storage element is measured. This will be referred to
as the first voltage and may be detected by opening a row select transistor between the second
storage element and a column wire coupled to a voltage read circuit such as an image processor

or an analog to digital component before the image processor.
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At 710 the collected charge from the first storage element is transferred to the second
storage element. At 712 the voltage at the second storage element resulting after transferring the
charge to the second storage element is measured. This is the second voltage. The charge can be
transferred by closing the first transfer transistor between the first storage element and the
photodetector and opening the second transfer transistor between the first storage element and
the second storage element.

At 714 the photodetector response is determined based on a difference between the first
voltage and the second voltage. As described above, the first voltage provides a reference while
the second voltage adds the collected charge to that reference. This provides a noise reduced
pixel value count.

Figure 8 is a block diagram of an image sensor or camera system 800 that may include
pixel circuits with two charge storage elements as described herein. The camera 800 includes an
image sensor 802 with millions of pixels typically arranged in rows and columns. Each pixel
may have a micro-lens and detector coupled to a circuit as described above. Each pixel is
coupled to a row line 806 and a column line 808. These are applied to the image processor 804.

The image processor has a row selector 810 and a column selector 812. The voltage on the
column line is fed to an ADC (Analog to Digital Converter) 814 which may include sample and
hold circuits and other types of buffers. The ADC values are fed to a buffer 816, which holds the
values for each exposure to apply to a correction processor 818. This processor may compensate
for any artifacts or design constraints of the image sensor or any other aspect of the system. The
complete image is then compiled and rendered and may be sent to an interface 820 for transfer to
external components.

The image processor 804 may be regulated by a controller 822 and contain many other
sensors and components. It may perform many more operations than those mentioned or another
processor may be coupled to the camera or to multiple cameras for additional processing. The
controller may also be coupled to a lens system 824. The lens system serves to focus a scene
onto the sensor and the controller may adjust focus distance, focal length, aperture and any other
settings of the lens system, depending on the particular implementation.

Figure 9 is a block diagram of a computing device 100 in accordance with one
implementation. The computing device 100 houses a system board 2. The board 2 may include
a number of components, including but not limited to a processor 4 and at least one
communication package 6. The communication package is coupled to one or more antennas 16.
The processor 4 is physically and electrically coupled to the board 2.

Depending on its applications, computing device 100 may include other components that

may or may not be physically and electrically coupled to the board 2. These other components
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include, but are not limited to, volatile memory (e.g., DRAM) 8, non-volatile memory (e.g.,
ROM) 9, flash memory (not shown), a graphics processor 12, a digital signal processor (not
shown), a crypto processor (not shown), a chipset 14, an antenna 16, a display 18 such as a
touchscreen display, a touchscreen controller 20, a battery 22, an audio codec (not shown), a
video codec (not shown), a power amplifier 24, a global positioning system (GPS) device 26, a
compass 28, an accelerometer (not shown), a gyroscope (not shown), a speaker 30, a camera 32,
a microphone array 34, and a mass storage device (such as hard disk drive) 10, compact disk
(CD) (not shown), digital versatile disk (DVD) (not shown), and so forth). These components
may be connected to the system board 2, mounted to the system board, or combined with any of
the other components.

The communication package 6 enables wireless and/or wired communications for the
transfer of data to and from the computing device 100. The term “wireless” and its derivatives
may be used to describe circuits, devices, systems, methods, techniques, communications
channels, etc., that may communicate data through the use of modulated electromagnetic
radiation through a non-solid medium. The term does not imply that the associated devices do
not contain any wires, although in some embodiments they might not. The communication
package 6 may implement any of a number of wireless or wired standards or protocols, including
but not limited to Wi-Fi (IEEE 802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20,
long term evolution (LTE), Ev-DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA,
TDMA, DECT, Bluetooth, Ethernet derivatives thereof, as well as any other wireless and wired
protocols that are designated as 3G, 4G, 5G, and beyond. The computing device 100 may
include a plurality of communication packages 6. For instance, a first communication package 6
may be dedicated to shorter range wireless communications such as Wi-Fi and Bluetooth and a
second communication package 6 may be dedicated to longer range wireless communications
such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and others.

The cameras 32 contain image sensors with pixels or photodetectors as described herein.
The image sensors may use the resources of an image processing chip 3 to read values and also
to perform format conversion, coding and decoding, noise reduction and 3D mapping, etc. The
processor 4 is coupled to the image processing chip to drive the processes, set parameters, etc.

In various implementations, the computing device 100 may be eyewear, a laptop, a
netbook, a notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an
ultra mobile PC, a mobile phone, a desktop computer, a server, a set-top box, an entertainment
control unit, a digital camera, a portable music player, or a digital video recorder. The
computing device may be fixed, portable, or wearable. In further implementations, the

computing device 100 may be any other electronic device that processes data.
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Embodiments may be implemented as a part of one or more memory chips, controllers,
CPUs (Central Processing Unit), microchips or integrated circuits interconnected using a
motherboard, an application specific integrated circuit (ASIC), and/or a field programmable gate
array (FPGA).

References to “one embodiment”, “an embodiment”, “example embodiment”, “various
embodiments”, etc., indicate that the embodiment(s) so described may include particular
features, structures, or characteristics, but not every embodiment necessarily includes the
particular features, structures, or characteristics. Further, some embodiments may have some, all,
or none of the features described for other embodiments.

In the following description and claims, the term “coupled” along with its derivatives, may
be used. “Coupled” is used to indicate that two or more elements co-operate or interact with each
other, but they may or may not have intervening physical or electrical components between
them.

As used in the claims, unless otherwise specified, the use of the ordinal adjectives “first”,
“second”, “third”, etc., to describe a common element, merely indicate that different instances of
like elements are being referred to, and are not intended to imply that the elements so described
must be in a given sequence, either temporally, spatially, in ranking, or in any other manner.

The drawings and the forgoing description give examples of embodiments. Those skilled
in the art will appreciate that one or more of the described elements may well be combined into a
single functional element. Alternatively, certain elements may be split into multiple functional
elements. FElements from one embodiment may be added to another embodiment. For example,
orders of processes described herein may be changed and are not limited to the manner described
herein. Moreover, the actions of any flow diagram need not be implemented in the order shown;
nor do all of the acts necessarily need to be performed. Also, those acts that are not dependent
on other acts may be performed in parallel with the other acts. The scope of embodiments is by
no means limited by these specific examples. Numerous variations, whether explicitly given in
the specification or not, such as differences in structure, dimension, and use of material, are
possible. The scope of embodiments is at least as broad as given by the following claims.

The following examples pertain to further embodiments. The various features of the
different embodiments may be variously combined with some features included and others
excluded to suit a variety of different applications. Some embodiments pertain to an apparatus
that includes a photodetector to produce free electrons in response to incident photons, a first
storage element coupled to the photodetector to collect free electrons from the photodetector as
an accumulated charge, a transfer switch coupled to the first storage element, a second storage

element coupled to the first storage element through the transfer switch to collect the
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accumulated charge from the first storage element when the transfer switch is open, and a sense
circuit to measure the charge on the second storage element before the accumulated charge is
collected from the first storage element as a reference charge and to measure the charge on the
second storage element after the accumulated charge is collected from the first storage element
as a read charge, wherein the sensed charge is determined by comparing the reference charge to
the read charge.

In further embodiments the first and second storage elements comprise capacitors and
wherein the sense circuit measures charge as a voltage on the capacitor of the second storage
element.

In further embodiments the reference charge and the read charge are measured as a
reference voltage and a read voltage and wherein the sensed charge is provided as a sensed
voltage.

Further embodiments include a reset switch coupled to a reference voltage and to the first
and second storage elements to reset the first and second storage elements before the first
transfer switch is opened.

In further embodiments the reset switch is further to reset the second storage element after
the reference charge is measured and before the read charge is measured.

In further embodiments the sense circuit measures the charge by connecting the second
storage element to an analog to digital converter to convert the voltage of the second storage
element to a digital measurement value.

In further embodiments the photodetector comprises a film having dispersed quantum dots
to produce the free electrons.

In further embodiments the first storage element is a fully depleted charge well and the
second storage element is a capacitor.

Further embodiments include a second transfer switch between the photodetector and the
first storage element to alternately allow the electrons to be collected when open and prevent the
electrons from being collected when closed.

Further embodiments include a first reset switch coupled between the first storage element
and a reference voltage to reset the voltage of the first storage element and the second reset
switch between the second storage element and the reference voltage to reset the voltage of the
second storage element.

Some embodiments pertain to a method that includes resetting the voltage of a first storage
element and a second storage element to a reset voltage, collecting charge from a photodetector
at the first storage element, measuring the reset voltage at the second storage element as a first

voltage, transferring the collected charge from the first storage element to the second storage
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element, measuring the voltage at the second storage element after transferring the collected
charge as a second voltage, and determining the photodetector response based on a difference
between the first voltage and the second voltage.

12. The method of Claim 11, further comprising resetting the voltage of the second
storage element after collecting the charge and before transferring the charge.

In further embodiments resetting the voltage comprises connecting the first and the second
storage element through a reset transistor to a reference voltage.

In further embodiments resetting the voltage comprises connecting the first storage
element through a first reset transistor to a reference voltage and connecting the second storage
element through a second reset transistor to the reference voltage.

In further embodiments collecting charge comprises opening a first transfer transistor
between the first storage element and the photodetector and closing a second transfer transistor
between the first storage element and the second storage element.

In further embodiments measuring the reset voltage comprises opening a read select
transistor between the second storage element and a column wire coupled to a voltage read
circuit.

In further embodiments transferring the charge comprises closing a first transfer transistor
between the first storage element and the photodetector and opening a second transfer transistor
between the first storage element and the second storage element.

Some embodiments pertain to a computing system that includes a processor, a memory to
store images, and an image sensor to capture images, the image sensor having a plurality of
photodetectors to produce free electrons in response to incident photons, each photodetector
being coupled to a circuit, the circuit comprising a first storage element coupled to the
photodetector to collect free electrons from the photodetector as an accumulated charge, a
transfer switch coupled to the first storage element, a second storage element coupled to the first
storage element through the transfer switch to collect the accumulated charge from the first
storage element when the transfer switch is open, and a sense circuit to measure the charge on
the second storage element before the accumulated charge is collected from the first storage
element as a reference charge and to measure the charge on the second storage element after the
accumulated charge is collected from the first storage element as a read charge, wherein the
sensed charge is determined by comparing the reference charge to the read charge, wherein the
sense circuit measures the charge by connecting the second storage element to an analog to
digital converter of the processor to convert the voltage of the second storage element to a digital
measurement value.

In further embodiments the reset switch is further to reset the second storage element after
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the reference charge is measured and before the read charge is measured.
In further embodiments the circuit further comprises a second transfer switch between the
photodetector and the first storage element to alternately allow the electrons to be collected when

open and prevent the electrons from being collected when closed.
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CLAIMS
What is claimed is:

1. An apparatus comprising:

a photodetector to produce free electrons in response to incident photons;

a first storage element coupled to the photodetector to collect free electrons from the
photodetector as an accumulated charge;

a transfer switch coupled to the first storage element;

a second storage element coupled to the first storage element through the transfer switch
to collect the accumulated charge from the first storage element when the transfer switch is open;
and

a sense circuit to measure the charge on the second storage element before the
accumulated charge is collected from the first storage element as a reference charge and to
measure the charge on the second storage element after the accumulated charge is collected from
the first storage element as a read charge, wherein the sensed charge is determined by comparing
the reference charge to the read charge.

2. The apparatus of Claim 1, wherein the first and second storage elements comprise
capacitors and wherein the sense circuit measures charge as a voltage on the capacitor of the
second storage element.

3. The apparatus of Claim 2, wherein the reference charge and the read charge are
measured as a reference voltage and a read voltage and wherein the sensed charge is provided as
a sensed voltage.

4. The apparatus of any one or more of the above claims, further comprising a reset
switch coupled to a reference voltage and to the first and second storage elements to reset the
first and second storage elements before the first transfer switch is opened.

5. The apparatus of Claim 4, wherein the reset switch is further to reset the second
storage element after the reference charge is measured and before the read charge is measured.

6. The apparatus of any one or more of the above claims, wherein the sense circuit
measures the charge by connecting the second storage element to an analog to digital converter
to convert the voltage of the second storage element to a digital measurement value.

7. The apparatus of any one or more of the above claims, wherein the photodetector
comprises a film having dispersed quantum dots to produce the free electrons.

8. The apparatus of any one or more of the above claims, wherein the first storage
element is a fully depleted charge well and the second storage element is a capacitor.

9. The apparatus of any one or more of the above claims, further comprising a

second transfer switch between the photodetector and the first storage element to alternately
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allow the electrons to be collected when open and prevent the electrons from being collected
when closed.

10. The apparatus of any one or more of the above claims, further comprising a first
reset switch coupled between the first storage element and a reference voltage to reset the
voltage of the first storage element and the second reset switch between the second storage
element and the reference voltage to reset the voltage of the second storage element.

11. A method comprising:

resetting the voltage of a first storage element and a second storage element to a reset
voltage;

collecting charge from a photodetector at the first storage element;

measuring the reset voltage at the second storage element as a first voltage;

transferring the collected charge from the first storage element to the second storage
element;

measuring the voltage at the second storage element after transferring the collected
charge as a second voltage; and

determining the photodetector response based on a difference between the first voltage
and the second voltage.

12. The method of Claim 11, further comprising resetting the voltage of the second
storage element after collecting the charge and before transferring the charge.

13. The method of Claim 11 or 12, wherein resetting the voltage comprises
connecting the first and the second storage element through a reset transistor to a reference
voltage.

14. The method of Claim 11, 12, or 13, wherein resetting the voltage comprises
connecting the first storage element through a first reset transistor to a reference voltage and
connecting the second storage element through a second reset transistor to the reference voltage.

15. The method of any one or more of claims 11-14, wherein collecting charge
comprises opening a first transfer transistor between the first storage element and the
photodetector and closing a second transfer transistor between the first storage element and the
second storage element.

16. The method of any one or more of claims 11-15, wherein measuring the reset
voltage comprises opening a read select transistor between the second storage element and a
column wire coupled to a voltage read circuit.

17. The method of any one or more of claims 11-16, wherein transferring the charge
comprises closing a first transfer transistor between the first storage element and the

photodetector and opening a second transfer transistor between the first storage element and the
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second storage element.

18. A computing system comprising:

a processor;

a memory to store images; and

an image sensor to capture images, the image sensor having a plurality of photodetectors
to produce free electrons in response to incident photons, each photodetector being coupled to a
circuit, the circuit comprising a first storage element coupled to the photodetector to collect free
electrons from the photodetector as an accumulated charge, a transfer switch coupled to the first
storage element, a second storage element coupled to the first storage element through the
transfer switch to collect the accumulated charge from the first storage element when the transfer
switch is open, and a sense circuit to measure the charge on the second storage element before
the accumulated charge is collected from the first storage element as a reference charge and to
measure the charge on the second storage element after the accumulated charge is collected from
the first storage element as a read charge, wherein the sensed charge is determined by comparing
the reference charge to the read charge,

wherein the sense circuit measures the charge by connecting the second storage element
to an analog to digital converter of the processor to convert the voltage of the second storage
element to a digital measurement value.

19. The computing system of Claim 18, wherein the reset switch is further to reset the
second storage element after the reference charge is measured and before the read charge is
measured.

20. The computing system of Claim 18 or 19, wherein the circuit further comprises a
second transfer switch between the photodetector and the first storage element to alternately
allow the electrons to be collected when open and prevent the electrons from being collected

when closed.

21



PCT/US2016/034843

WO 2017/019173

1/7

JHIM NWN109

Vaa
?;Il—ﬂﬂ
130
RS
]
137 —
138

12
132

Vaa
134T
-
f1 42
J

136
9
CTRL
| | Tx |
C2
122
/777 [l
140

- & —~
l1 4 -
O § % °© 8
w N
Qo0 o~
0.0 [~ =
ole
ano
o
¥ \[oS] 8
>
o
14

110

IMAGE PROCESSOR

S

L
-
=
=
T, /
© =
Y
< N &
S 0 by |
N SN~ L
N Y [ U W R N
SN L 1\
SN Al T ——_1-—J~-] i
S~ ____ 14 . )
N —=ZZ _ DU U S S SU) EpSp—
—<-- e i ST T B e R |
©
N
N
) s
Sy
w ©
" o ]
>3
L
4
o
(9\]
3
M [9\] N
~ o
K (9]
ST Lﬂﬁ- | ]
2|d|||_ _ Y A . S .
s
~
= S o

TIME



PCT/US2016/034843

WO 2017/019173

217

FIG. 3

302

[-338

JHIM NWN109

314

328
Vaa
[™\-330
332]—J
RS
337

o~
> =
18l Lt
) SY K
© N
el2| Yy ©
K7 = S
O | _
—/
3 %/n
<+ _— ~
© KL J=— Oo
S o > N
3J_~ | = ™
jo]e) N
o ~~
03 e
sl
oS| 8
>
o

IMAGE PROCESSOR

S

} PIXEL VALUE

m AT e i e B
(=)
~ A = S
. < <
O S
T = 8
D
% =
o m &
N Z i
0 — - o
S o o™ o
© % (@) < <
(=)
T 0 N ] _ |-m||| i
<+ pd
S N
4
. Qq < o~ -— 75)
~ ~ = = O &) o4
(=)
4

TIME



WO 2017/019173

PCT/US2016/034843
3/7
FIG. 5
536
\
[ 502 CTRL
Vaa Vaa
514 vad ve
[\_ 534
K 527 \|_
009,500 Tr1 Tr2
009500 |— Vaa 538
508 524~ r |
—~-526
512 Tx1 Tx2 N [ -530
54211 [
01;: 02;: w
520 522 =
[T] [] =
537 8
IMAGE PROCESSOR

950




PCT/US2016/034843

WO 2017/019173

417

FIG. 6

()
o™
©
o (|
© D____|
©
N _ _ _ __ |
M ©
© o S
N
N
© o "7
Y
© © M ____|
Y
© o~ M ____ ]

} PIXEL VALUE

||||||| ~N -
LLI

IIIIIIII o J__ L
—
w

|||||||| O 4——————

||||||| o 4_____} _
><
LLI

||||||| A NN

TIME

Tr1

Tx2

Tx1
C2

C1

RS



WO 2017/019173 PCT/US2016/034843

5/7

FIG. 7

RESET FIRST AND SECOND STORAGE |
ELEMENT VOLTAGE 702

'

COLLECT CHARGE FROM PHOTODETECTOR
AT FIRST STORAGE ELEMENT

—~704

I
RESET SECOND STORAGE ELEMENT VOLTAGE L\_

(OPTIONAL) 706

MEASURE SECOND STORAGE ELEMENT
RESET VOLTAGE

'

TRANSFER CHARGE FROM FIRST STORAGE |
ELEMENT TO SECOND STORAGE ELEMENT 710

'

MEASURE SECOND STORAGE ELEMENT | _
VOLTAGE AFTER TRANSFER 712

'

DETERMINE PHOTODETECTOR RESPONSE  |~714

—~708




WO 2017/019173 PCT/US2016/034843

6/7
FIG. 8
802
854 S804
s I
—  PIXEL PIXEL | o8
PIXEL 1 PIXEL 1
PIXEL PIXEL
LENS
808
812 822+ 810~
-804
COLUMN SELECT CTRL ROW SELECT
v 814 816~ 818~ 820~
ADC »| BUFFER |—»| CORRECTION —»| INTF
A




WO 2017/019173 PCT/US2016/034843
717
FIG. 9
MICS - 34 CAMERAS |32
167
COMMUNICATION
CHIP
PROCESSOR 6
4 IMAGE
PROCESSING
3
CHIPSET
DRAM ROM 14
8 9
AMP GRAPHICS A
CPU N
24 12 T
MASS MEMORY — E
10 TOUCHSCREEN H
CONTROLLER A
GPS COMPASS 20
28
2 28
MOTHERBOARD 2
SPEAKER TOUCHSCREEN
DISPLAY
30 18
BATTERY
22
COMPUTING DEVICE 100




International application No.
PCT/US2016/034843

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 5/357(2011.01)1, HO4N 5/378(2011.01)I, HO4N 5/374(2011.01)1, HO4N 5/372(2011.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N 5/357, HO1L 27/146; HO4N 5/335; GO1J 1/42; HO1L 27/00; HO4N 5/217; HO4N 3/14; HO4N 5/378; HO4N 5/374; HO4N 5/372

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: photodetector, switch, storage element, charge, reference, double sampling

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2012-0104228 A1 (VITALI SOUCHKOV) 03 May 2012 1-4,11,13,18
See paragraphs [0002], [0004], [0028]-[0058]; claims 1-3; and figures 1-5.

A 5-10,12,14-17

,19-20

Y US 2004-0021057 A1 (CLIFFORD I. DROWLEY) 05 February 2004 1-4,11,13,18
See paragraphs [0026]-[0034]; claims 1-5; and figures 1-5.

A US 2002-0036700 A1 (RICHARD B. MERRILL) 28 March 2002 1-20
See paragraphs [0031]-[0044]; claims 1-3; and figures 8-9.

A WO 99-44359 A1 (INTEL CORPORATION) 02 September 1999 1-20
See page 9, line 4 - page 14, line 18; claims 1-11; and figures 1-7.

A US 2010-0002111 A1 (ZHENYA ALEXANDER YOURLO et al.) 07 January 2010 1-20
See paragraphs [0013]-[0018]; claims 1-4; and figures 11, 16.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

i

K

nQr

npr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search
09 September 2016 (09.09.2016)

Date of mailing of the international search report

12 September 2016 (12.09.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer g
LEE, Jin Ick W
R ATE Ry
= N

Telephone No. +82-42-481-5770 o

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/034843
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0104228 Al 03/05/2012 US 8450673 B2 28/05/2013
US 2004-0021057 Al 05/02/2004 AU 2003-249038 Al 16/02/2004
JP 2006-516324 A 29/06/2006
JP 5064655 B2 31/10/2012
TW 200427078 A 01/12/2004
TW 1309475 A 01/05/2009
TW 1309475 B 01/05/2009
US 6906302 B2 14/06/2005
WO 2004-012269 Al 05/02/2004
US 2002-0036700 Al 28/03/2002 AU 9306201 A 08/04/2002
US 6940551 B2 06/09/2005
WO 02-27763 A2 04/04/2002
WO 02-27763 A3 13/03/2003
WO 99-44359 Al 02/09/1999 AU 1999-24647 Al 15/09/1999
AU 2464799 A 15/09/1999
TW 401685 A 11/08/2000
TW 401685 B 11/08/2000
US 2001-0007471 Al 12/07/2001
US 6243134 Bl 05/06/2001
US 6317154 B2 13/11/2001
US 2010-0002111 Al 07/01/2010 AU 2000-47257 Al 12/12/2000
AU 2000-47257 B2 19/06/2003
AU 2000-47258 Al 12/12/2000
AU 2000-47258 B2 23/09/2004
AU 2000-47259 Al 12/12/2000
AU 2000-47260 Al 12/12/2000
AU 2000-47260 B2 17/06/2004
AU 2000-47261 Al 12/12/2000
AU 2000-47261 B2 29/04/2004
AU 2000-47262 Al 12/12/2000
AU 2000-47263 Al 12/12/2000
AU 2000-47264 Al 12/12/2000
AU 2000-47264 B2 10/06/2004
AU 2000-47265 Al 12/12/2000
AU 2000-47265 B2 03/07/2003
AU 2000-47266 Al 12/12/2000
AU 2000-47267 Al 12/12/2000
AU 2000-47268 Al 12/12/2000
AU 2000-47269 Al 12/12/2000
AU 2000-47269 B2 24/06/2004
AU 2000-47270 Al 12/12/2000
AU 2000-47271 Al 12/12/2000
AU 2000-47272 Al 12/12/2000
AU 2000-47273 Al 12/12/2000
AU 2000-47273 B2 19/06/2003

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/034843
Patent document Publication Patent family Publication
cited in search report date member(s) date

AU 2000-47274 Al 12/12/2000
AU 2000-47275 Al 12/12/2000
AU 2000-47276 Al 12/12/2000
AU 2000-47277 Al 12/12/2000
AU 2000-47278 Al 12/12/2000
AU 2000-47278 B2 05/06/2003
AU 2000-47279 Al 12/12/2000
AU 2000-47279 B2 05/06/2003
AU 2000-47280 Al 12/12/2000
AU 2000-47281 Al 12/12/2000
AU 2000-47282 Al 12/12/2000
AU 2000-47283 Al 12/12/2000
AU 2000-47283 B2 01/04/2004
AU 2000-47284 Al 12/12/2000
AU 2000-47284 B2 18/03/2004
AU 2000-47285 Al 12/12/2000
AU 2000-47285 B2 22/04/2004
AU 2000-47286 Al 12/12/2000
AU 2000-47286 B2 18/03/2004
AU 2000-47290 Al 12/12/2000
AU 2000-47292 Al 12/12/2000
AU 2000-47292 B2 09/10/2003
AU 2000-47293 Al 12/12/2000
AU 2000-47293 B2 26/06/2003
AU 2000-47294 Al 12/12/2000
AU 2000-47294 B2 11/11/2004
AU 2000-47295 Al 12/12/2000
AU 2000-47295 B2 03/06/2004
AU 2000-47296 Al 12/12/2000
AU 2000-47296 B2 05/06/2003
AU 2000-47297 Al 12/12/2000
AU 2000-47297 B2 12/06/2003
AU 2000-47298 Al 12/12/2000
AU 2000-47299 Al 12/12/2000
AU 2000-47300 Al 12/12/2000
AU 2000-47300 B2 10/06/2004
AU 2000-47301 Al 12/12/2000
AU 2000-47302 Al 12/12/2000
AU 2000-47302 B2 17/06/2004
AU 2000-47303 Al 12/12/2000
AU 2000-47304 Al 12/12/2000
AU 2000-47305 Al 12/12/2000
AU 2000-47305 B2 10/06/2004
AU 2000-47306 Al 12/12/2000
AU 2000-47307 Al 12/12/2000
AU 2000-47308 Al 12/12/2000
AU 2000-47309 Al 12/12/2000
AU 2000-47310 Al 12/12/2000
AU 2000-47311 Al 12/12/2000
AU 2000-47311 B2 05/06/2003

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/034843
Patent document Publication Patent family Publication
cited in search report date member(s) date

AU 2000-47312 Al 12/12/2000
AU 2000-53743 Al 22/01/2001
AU 2000-53743 B2 22/05/2003
AU 2000-53748 Al 22/01/2001
AU 2000-53748 B2 24/06/2004
AU 2000-53749 Al 22/01/2001
AU 2000-53749 B2 26/06/2003
AU 2000-53750 Al 22/01/2001
AU 2000-53750 B2 19/06/2003
AU 2000-53751 Al 22/01/2001
AU 2000-53751 B2 09/09/2004
AU 2000-53752 Al 22/01/2001
AU 2000-53752 B2 12/06/2003
AU 2000-53753 Al 22/01/2001
AU 2000-53753 B2 26/06/2003
AU 2000-53754 Al 22/01/2001
AU 2000-53754 B2 08/04/2004
AU 2000-53755 Al 22/01/2001
AU 2000-53755 B2 19/06/2003
AU 2000-53756 Al 22/01/2001
AU 2000-53756 B2 03/07/2003
AU 2000-53757 Al 22/01/2001
AU 2000-53757 B2 19/06/2003
AU 2000-53758 Al 22/01/2001
AU 2000-53758 B2 05/06/2003
AU 2000-53759 Al 22/01/2001
AU 2000-53759 B2 05/06/2003
AU 2000-53760 Al 22/01/2001
AU 2000-53760 B2 05/06/2003
AU 2000-53761 Al 22/01/2001
AU 2000-53761 B2 12/06/2003
AU 2000-53762 Al 22/01/2001
AU 2000-53762 B2 12/06/2003
AU 2000-55095 Al 12/12/2000
AU 2000-55095 B2 05/06/2003
AU 2000-55117 Al 22/01/2001
AU 2000-55117 B2 24/06/2004
AU 2000-55118 Al 22/01/2001
AU 2000-55118 B2 12/06/2003
AU 2000-55119 Al 22/01/2001
AU 2000-55119 B2 24/06/2004
AU 2000-55120 Al 22/01/2001
AU 2000-55120 B2 19/06/2003
AU 2000-56628 Al 22/01/2001
AU 2000-56628 B2 12/06/2003
AU 2000-74982 Al 24/04/2001
AU 2000-74982 B2 21/08/2003
AU 2000-74983 Al 24/04/2001
AU 2000-74983 B2 28/08/2003
AU 2000-74984 Al 24/04/2001

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/034843
Patent document Publication Patent family Publication
cited in search report date member(s) date

AU 2000-74984 B2 04/09/2003
AU 2000-74985 Al 24/04/2001
AU 2000-74985 B2 21/08/2003
AU 2001-10092 Al 08/05/2001
AU 2001-10092 B2 21/08/2003
AU 2001-10093 Al 08/05/2001
AU 2001-10093 B2 28/08/2003
AU 2001-10094 Al 08/05/2001
AU 2001-10094 B2 10/06/2004
AU 2001-10095 Al 08/05/2001
AU 2001-10095 B2 12/08/2004
AU 2001-10096 Al 08/05/2001
AU 2001-10096 B2 25/09/2003
AU 2001-10097 Al 08/05/2001
AU 2001-10097 B2 08/04/2004
AU 2001-10098 Al 08/05/2001
AU 2001-10098 B2 11/12/2003
AU 2001-10099 Al 12/06/2001
AU 2001-10099 B2 07/04/2005
AU 2001-10100 Al 12/06/2001
AU 2001-10100 B2 11/11/2004
AU 2001-10101 Al 08/05/2001
AU 2001-10101 B2 28/08/2003
AU 2001-10105 Al 12/06/2001
AU 2001-10105 B2 08/01/2004
AU 2001-10106 Al 08/05/2001
AU 2001-10106 B2 12/06/2003
AU 2001-10107 Al 08/05/2001
AU 2001-10107 B2 16/10/2003
AU 2001-10108 Al 08/05/2001
AU 2001-10108 B2 21/08/2003
AU 2001-16797 Al 12/06/2001
AU 2001-16797 B2 08/04/2004
AU 2001-16798 Al 03/09/2001
AU 2001-16799 Al 03/09/2001
AU 2001-16800 Al 03/09/2001
AU 2001-16801 Al 12/06/2001
AU 2001-16801 B2 08/01/2004
AU 2001-16805 Al 03/09/2001
AU 2001-16806 Al 12/06/2001
AU 2001-16806 B2 06/11/2003
AU 2001-16807 Al 12/06/2001
AU 2001-16807 B2 06/11/2003
AU 2001-16808 Al 12/06/2001
AU 2001-16808 B2 29/07/2004
AU 2001-16809 Al 12/06/2001
AU 2001-16809 B2 27/01/2005
AU 2001-16810 Al 12/06/2001
AU 2001-16810 B2 15/01/2004
AU 2001-16814 Al 12/06/2001

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/034843
Patent document Publication Patent family Publication
cited in search report date member(s) date

AU 2001-16814 B2 08/07/2004
AU 2001-216798 B2 23/09/2004
AU 2001-216799 B2 05/05/2005
AU 2001-216800 B2 26/05/2005
AU 2001-216805 B2 16/12/2004
AU 2001-257383 B2 06/07/2006
AU 2001-57383 Al 12/11/2001
AU 2001-79499 Al 25/02/2002
AU 2001-79501 Al 25/02/2002
AU 2001-79502 Al 25/02/2002
AU 2001-79503 Al 25/02/2002
AU 2001-83676 Al 25/02/2002
AU 2002-223285 B2 29/07/2004
AU 2002-223286 B2 25/11/2004
AU 2002-223287 B2 02/12/2004
AU 2002-223288 B2 28/10/2004
AU 2002-223289 B2 17/03/2005
AU 2003-266852 Al 13/05/2004
AU 2003-266852 B2 14/06/2007
AU 2004-211307 Al 26/08/2004
AU 2004-211307 B2 22/03/2007
AU 2004-217403 Al 16/09/2004
AU 2004-217403 B2 26/07/2007
AU 2004-227422 Al 21/10/2004
AU 2004-227422 B2 02/11/2006
AU 2004-227423 Al 21/10/2004
AU 2004-227424 Al 21/10/2004
AU 2004-227424 B2 19/07/2007
AU 2004-227425 Al 21/10/2004
AU 2004-227426 Al 21/10/2004
AU 2004-227426 B2 04/10/2007
AU 2004-228065 Al 21/10/2004
AU 2004-228065 B2 05/07/2007
AU 2005-269254 Al 09/02/2006
AU 2005-269255 Al 09/02/2006
AU 2005-269256 Al 09/02/2006
AU 2005-269256 B2 07/08/2008
AU 2006-281960 Al 22/02/2007

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

