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An Active Pixel with Precharging Circuit

TECHNICAL FIELD
[0001] The present disclosure relates generally to an active pixel including a
precharge circuit.
BACKGROUND
[0002] Image sensors are widely used in digital cameras and other imaging

devices to convert an optical image to an electric signal. Image sensors are fabricated

as integrated circuit including a matrix or array of active picture elements or pixels.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] These and various other features of the interface device and methods
for using the same will be apparent upon reading of the following detailed description
in conjunction with the accompanying drawings and the appended claims provided
below, where:
[0004] FIG. 1 is a simplified schematic diagram of a portion of an image
sensor including an active pixel comprising an in-pixel precharge circuit and sample
and hold (S/H) stage according to one embodiment;
[0005] FIG. 2 is a simplified schematic diagram of a portion of an image
sensor including an active pixel comprising an in-pixel precharge circuit and S/H
stage according to another embodiment;
[0006] FIG. 3 is a cross section diagram for the implants of an embodiment

precharge transistor and row-select transistor having a shared source implant;

SUBSTITUTE SHEET (RULE 26)
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[06607] FIG. 4 is a timing chart of signals for an embodiment of a method for
precharging the active pixel of FIG. 1;

[6008] FIG. 5 is a flowchart illustrating an embodiment of a method for
precharging the active pixel of FIG. 1;

[00609] FIG. 6 is a simplified schematic diagram of a portion of an image sensor
including an active pixel comprising an in-pixel precharge circuit and S/H stage
according to another embodiment;

[0610] FIG. 7 is a timing chart of signals for an embodiment of a method for
precharging the active pixel of FIG. 6; and

[0611] FIG. 8 is a flowchart illustrating an embodiment of a method for

precharging the active pixel of FIG. 6.

DETAILED DESCRIPTION

[0612] For purposes of clarity, many of the details of image sensors in general
and to image sensors including arrays of active pixels in particular, which are widely
known and not relevant to the present control system and method have been omitted from
the following description.

[0613] A simplified schematic diagram of a portion of an image sensor 100
including an embodiment of a single, active pixel 102 with an in-pixel sample and hold
(S/H) stage and precharge circuit is shown in FIG. 1. Generally the active pixel 102 is
one of a number of pixels in an array of pixels (not shown) arranged in multiple rows and

multiple columns, each column shared by multiple pixel outputs from the multiple rows
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of pixels to enable a pipelined or sequential readout of each row of pixels in the array
through the shared columns coupled thereto. The array of pixels is formed in a layer of
semiconductor material on a common, shared wafer or substrate (not shown), which may
include other elements and circuits of the image sensor. The semiconductor layer may
include any known semiconductor material including silicon, germanium, and indium-
gallium-arsenide.

Referring to FIG. 1, the active pixel 102 generally includes a sensor circuit 164 to
generate a signal in response to electromagnetic radiation 106 (light) received on a
photosensor or photodetector 108. Signals from the sensor circuit 104 are electrically
coupled to a sample and hold (S/H) stage 110, which reads-out or samples and
temporarily stores the signals. The pixel 102 further includes a multiplexer or
buffer/multiplexer circuit 112 to couple an output node of the S/H stage 110 to a pixel
output or column 114. A precharge circuit 116 is also coupled to the output node of the
S/H stage 110 to precharge a storage element therein to a precharge voltage prior to the
S/H stage sampling the signal from the sensor circuit 104. The image sensor 100 further
includes a number of switching-elements 118, 120 and 122 to sequentially couple the
column 114 to an output load 124, a column precharge source or current path (12 126)
and a column high voltage supply 128 respectively.

10014} The photodetector 108 can include one or more photodiodes (PD),
phototransistors, photoresistors or a charge-coupled device (CCD), which generates
distinct changes in current, or voltage or a charge on photodetector in response to
incident electromagnetic radiation. In the embodiment shown in FIG. 1 the photodetector

108 is a reverse-biased photodiode coupled between a positive pixel voltage supply
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(Vpix) and ground. When exposed to electromagnetic radiation (light) 106, the
semiconductor material of which the photodiode is fabricated photogenerates charge
carriers, e.g. electrons, in proportion to the energy of electromagnetic radiation 106
received and to the time or integration period over which the PD is exposed and to the
photocurrent or current through the PD. A reset switching-element or transistor 130
periodically resets the photodetector 108 to a fixed bias, clearing all accumulated charge
on the photodetector 108 at the beginning of every integration period. The sensor circuit
104 further includes a readout transistor, such as a source follower (SF) amplifier 132,
having a drain connected or coupled to Vpix and a source coupled to an input of the S/H
stage 110. The SF 132 generates a voltage signal corresponding to the charge
accumulated on the photodetector 108, and acts as a buffer to enable the charge on the
photodetector to be sampled or observed without removing the accumulated charge.

[0015] The S/H stage 110 samples and holds or stores the voltage signal from the
sensor circuit 104. The S/H stage 110 includes a sample swiiching-element or transistor
134 electrically connected or coupled to the SF 132 at the output of the sensor circuit 104
to couple the voltage signal to a memory or capacitor element, such as a capacitor 136 in
FIG. 1. More specifically, after a predetermined integration period, a sample signal
(SAMPLE) is applied to a gate of the sampling transistor 134 for a predetermined sample
period causing the transistor to conduct storing a voltage signal on the capacitor 136. The
magnitude of the voltage signal stored on the capacitor 136 depends on the charge
accumulated in the PD depletion capacitance and a transfer function of the SF 132 and

sampling transistor 134.
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[0016] To provide an accurate measurement or sample of the voltage signal from
the sensor circuit 104, the capacitor 136 in the S/H stage 110 is precharged to delete any
previous sampled value. The S/H stage 110 is driven by a simple source follower (SF
132) and, if a previous sampled value is higher or within a threshold voltage (V1) of the
SF 132 of the next sampled value, the SF may cut off and no sampling will take place.
Thus, without precharging or clearing the capacitor element, the image sensed by the
image sensor 100 may rise to a black or blank image over time.

[6017] Referring to FIG. 1, in the implementation of the S/H stage 110 shown, the
capacitor 136 is coupled to a positive memory voltage supply (Vmem) and through a
precharge switching element or transistor 138 in the precharge circuit 116 to the column
114. The column 114 is in turn coupled through the column precharge switch 120, to a
column precharge current supply 126 to simultaneously precharge the capacitor and the
column to a predetermined voltage before the sampling occurs. It will be appreciated that
coupling the capacitor 136 to the column 114 for precharging, rather than to an in-pixel
ground tap or a separate precharge line, as is done in other precharge circuits, decreases a
surface area of the pixel taken up with non-light sensitive elements substantially
increasing the fill factor of the pixels and the array, thereby increasing the sensitivity of
the image sensor 100. By fill factor it is meant a ratio of the area of photosensitive
elements in a pixel 102 or an array to a total area of the pixel or array. It will further be
appreciated that increasing the fill factor also significantly increases the signal-to-noise
(SNR) of the image sensor 100, as the SNR is directly related to the product of fill factor

and quantum efficiency.
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[6018] In certain embodiments, columns 114 of image sensors 100 are also
precharged prior to reading the signal on capacitor 136 to clear or erase any previous
voltage thereon which could lead to ghosting. In other active pixels and image sensors
column precharging is accomplished during or after sampling of the voltage signal from
the sensor circuit 104 in a separate step or event from that of precharging the capacitor
136. In contrast, the precharging circuit 116 of the active pixel 102 of FIG. 1 enables
simultaneous precharging of the capacitor 136 and the column 114 to speed up
precharging of the pixel.

106019] In the embodiment shown in FIG. 1 and described above, the precharge
transistor 138 is coupled to the precharge current supply 126 through the same column
114 to which the buffer/multiplexer circuit 112 is coupled to readout the sampled signal
from the pixel 102. The precharge transistor may alternatively be coupled to any column
in the array located near the pixel in which it is included. Referring to FIG. 2 it is seen
that in other embodiments the precharge transistor 238 of the precharge circuit 216 can be
coupled to a column 214’ different from the column 214 to which the buffer/multiplexer
circuit 212 of the pixel 202 is coupled. The column 214" to which the precharge transistor
238 is coupled can include, for example, the column to which an adjacent pixel 202’
located in a different column and possibly a different row in the array is coupled. In
addition to the precharge circuit 216 and buffer multiplexer circuit 212, the pixel 202
includes a S/H stage 210 and a sensor circuit 204, all of which function as in the pixel
102 of FIG. 1 described above.

[0020] Optionally as in the embodiment shown in FIG. 1, the image sensor 100

further includes a column high voltage switching-element 122 and a column high voltage
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supply 128 to apply a fixed high voltage to the column 114 after precharging to reduce or
eliminate loss of voltage stored on the capacitor 136 through drain-to-source leakage of
the precharge transistor 138 by providing a negative gate to source voltage (Vgs) on the
precharge transistor. In the embodiment shown in FIG. 1, this fixed high voltage can be
applied during and after sampling of the sensor circuit 104 by the S/H stage 110 but may
be removed prior to reading out the voltage signal on capacitor 136.

[6021] After precharging the capacitor 136 and sampling the voltage signal from
the sensor circuit 104, the voltage signal on capacitor 136 is readout by the
buffer/multiplexer circuit 112. In the embodiment shown in FIG. 1 the buffer/multiplexer
circuit 112 includes a source follower (SF) amplifier 140 that acts as a buffer and has a
drain connected or coupled to Vpix and a source coupled to the column 114 through a
row-select switching-element or transistor 142. For reading, a row-select signal is applied
to a gate of the row-select transistor causing it to conduct and to transfer the voltage at
the source of the SF amplifier 140 to the column 114. Switch 118 is also closed, coupling
the column 114 to the column load 124.

[0022] Although the sensor circuit 104 and buffer/multiplexer circuit 112 are
shown as including source follower (SF) amplifiers 132, 140, respectively, which serve
as buflers, it will be appreciated that other amplifier configurations can also be used to
serve as buffers. It will further by appreciated that the SF amplifiers 132, 140, can be
included in separate buffer stages (not shown) located between the sensor circuit 104 and
S/H stage 110, and between the S/H stage and buffer/multiplexer circuit 112.

10623] In another aspect, shown in FIG. 3, in certain embodiments the precharge

switching element comprises a metal-oxide—semiconductor field-effect transistor
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(MOSFET) 338 sharing a common source implant 344 with that of a row-select,
MOSFET transistor 342 to further increase the fill factor of the pixel by reducing the area
occupied by non-light sensitive transistors, thereby reducing the pitch or spacing between
centers of the pixels. The precharge transistor 338 and the row-select transistor 342 are
coupled through the shared source implant 344 to a column 314. The precharge transistor
338 further includes a drain implant 346 coupled to an output node of the capacitor in the
S/H stage (not shown in this figure) and a gate stack or electrode 348 overlying a channel
region 350 formed in the underlying substrate 352. The row-select transistor 342 further
includes a drain implant 354 coupled to an output of a buffer (not shown), such as SF
amplifier 146 in FIG. 1, and a gate electrode 356 overlying a channel region 358 joining
the source implant 344 and the drain implant. The row-select transistor 342 with which
the precharge transistor 338 shares the source implant 344 may be part of the same pixel
as the precharge transistor, or may be a row-select transistor in an adjacent pixel in an
array of pixels and the shared source implant may couple to a column 314 different from
the column of the pixel comprising the precharge transistor.

[0024] In one embodiment, shown in FIG. 1, the precharge transistor 138 in a
pixel 102 can share a source implant (not shown) with a row-select transistor 142’ of an
adjacent pixel 102" located in a different row in an array of pixels but coupling to the
same column 114.

[0025] In an alternative embodiment, shown in FIG. 2, the precharge transistor
238 in one pixel 202 can share a source implant with a row-select transistor 242’ of an
adjacent pixel 202" located in a different column and possibly a different row in an array

of pixels.
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[0026] In the embodiment shown in FIG. 3, the precharge transistor 338 and row-
select transistor 342 are NMOS transistors with n-type channels and n++ doped source
and drain implants fabricated in a p-type substrate. However, it will be appreciated that
this is not necessarily the case and the precharge transistor and row-select transistor can
instead comprise PMOS fransistors with appropriating biasing and selection of the
control signals (PRECHARGE and ROW-SELECT) to the gates thereof.

[6627] A method of operating the image sensor 106 to precharge and read-out the
pixel 102 of FIG. 1 will now be described with reference to the timing diagram of FIG. 4
and the flowchart of FIG. 5. Referring to FIGs. 4 and 5, in first block (block 502) a reset
signal or voltage (Vreset 402) is applied for a brief, predetermined period of time to the
gate of the reset transistor 120 to clear any charge accumulated on the photodetector (PD
108). Thereafter, charge photogenerated by electromagnetic radiation 106 (light) received
on the photodetector 108 is allowed to accumulate at output node P during subsequent
precharging, sampling and read out steps. Next, the capacitor 136 in the S/H stage 110 is
precharged (Block 504).

10028] In one embodiment, the precharging of the capacitor 136 is accomplished
by briefly applying a column precharge signal (column precharge 408) to close column
precharge switching element 120 and a precharge signal (precharge 406) to the precharge
transistor 138.

[0029] After the capacitor 136 has been precharged, the charge accumulated at
photodiode node P in the sensor circuit 104 is then sampled by applying a sampling
signal (Vsample 404) to the sampling transistor 134, causing it to conduct and transfer

the voltage at the source of the SF 132 to the capacitor (Block 506). While the sampling

10
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continues a second column precharge signal (column precharge 410) can be applied to
the precharge switching element 120 to precharge or maintain a complete precharge on
column 114 in preparation for reading out the pixel 102 (Block 508).
160630} After the sensor circuit 104 has been sampled and the column 114
precharged, switching-element 118 is closed to couple the column 114 to the output load
124, and a row-select signal (select 412) is applied to the row-select transistor 142,
causing it to conduct and transfer the voltage at a source of the SF 148 to the column
(Block 516). The multiple row-select signals (select 412) with the dashed line in between
are meant to illustrate a sequential read of pixels in different rows in a single column, as
row after row is read out. Switching-element 118 may be closed in response to the row-
select signal (select 412)
[0031] Optionally, in embodiments in which the precharge transistor is coupled to
a column of an adjacent pixel, such as that shown in FIG. 2 and described above, reading
out the pixel (Block 510) can further include applying a select column high voltage signal
414 to switching-element 122 to apply a fixed high voltage to the column 214 after
precharging to reduce or eliminate loss of voltage stored on the capacitor 136 through
drain-to-source leakage of the precharge transistor 138.

In yet another aspect, shown in FIG. 6, in certain embodiments the precharge
circuit 616 or transistor 638 can be coupled to a capacitor 636 in an S/H stage 610
through a sampling transistor 634 in the S/H stage. This embodiment further reduces a
loss of charge stored on the capacitor 636 through drain-to-source leakage of the

precharge transistor 638.

11
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Referring 1o FIG. 6, the pixel 602 includes a sensor circuit 604 having a
photodetector 608 to generate a signal in response to light received thereon, a reset
transistor 630, and a SF 632 buffer through which the sensor circuit is coupled to an S/H
stage 610. The output of the S/H stage 610 is coupled to a column 614 through a
buffer/multiplexer circuit 612 including an SF amplifier 640 which serves as buffer and a
row select transistor 642. As in the embodiment of FIG. 1 described above, the image
sensor 600 further includes a number of switching-elements 618, 620 and 622 to
sequentially couple the column 614 to an output load 624, a column precharge source or
current path (I2 626) and a column high voltage supply 628, respectively.

[6032] It will be appreciated that since the sampling transistor 634 is on during
pixel precharging, the timing or sequence of signal for operating the pixel 602 of FIG. 6
is slightly different than that described above with reference to FIG. 1.

[0033] A method of operating the image sensor 600 to precharge and read-out the
pixel 602 of FIG. 6 will now be described with reference to the timing diagram of FIG. 7
and the flowchart of FIG. 8. Referring to FIGs. 7 and 8, in first block (block 802) a reset
signal or voltage (Vreset 702) is applied for a brief, predetermined period of time to the
gate of the reset transistor 620 to clear any charge accumulated on the photodetector 608.
Thereafter, charge photogenerated by light received on the photodetector 608 is allowed
to accumulate at output node P.

[0034] Next, the capacitor 636 in the S/H stage 610 is precharged (Block 804) by
applying a sampling signal (Vsample 704) to the sampling transistor 634, briefly

applying a column precharge signal (column precharge 708) to close column precharge
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switching element 620 and, briefly, applying a precharge signal (precharge 706) to the
precharge transistor 638.

16035] After the capacitor 636 has been precharged, the column precharge signal
708 and precharge signal 706 are removed while the sampling signal 704 is maintained to
sample the charge accumulated in the sensor circuit 604 (Block 806). While the sampling
continues, a second column precharge signal (column precharge 710) can be applied to
the precharge switching element 620 to precharge or maintain a complete precharge on
column 614 in preparation for reading out the pixel 102 (Block 808).

[0036] After the sensor circuit 604 has been sampled and the column 614
precharged, switching-element 618 is closed to couple the column 614 to the output load
624, and a row-select signal (select 712) is applied to the row-select transistor 642,
causing it to conduct and transfer the voltage at a source of the SF 640 to the column
(Block 819).

[0037] Thus, embodiments of a precharging circuit and a method for precharging
an in-pixel S/H stage of an active pixel that increases fill factor and SNR while
decreasing precharge time have been described. Although the present disclosure has been
described with reference to specific exemplary embodiments, it will be evident that
various modifications and changes may be made to these embodiments without departing
from the broader spirit and scope of the invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense.

[0038] The Abstract of the Disclosure is provided to comply with 37 C.FR.
§1.72(b), requiring an abstract that will allow the reader to quickly ascertain the nature of

the technical disclosure. It is submitted with the understanding that it will not be used to
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interpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various features are grouped together in a single
embodiment for the purpose of streamlining the disclosure. This method of disclosure is
not to be interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed embodiment.
Thus the following claims are hereby incorporated into the Detailed Description, with
each claim standing on its own as a separate embodiment.

16039] In the forgoing description, for purposes of explanation, numerous specific
details have been set forth in order to provide a thorough understanding of the control
system and method of the present disclosure. It will be evident however to one skilled in
the art that the present interface device and method may be practiced without these
specific details. In other instances, well-known structures, and techniques are not shown
in detail or are shown in block diagram form in order to avoid unnecessarily obscuring an
understanding of this description.

[0040] Reference in the description to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment of the control system or method.
The appearances of the phrase “one embodiment” in various places in the specification
do not necessarily all refer to the same embodiment. The term “to couple” as used herein
may include both to directly electrically connect two or more components or elements

and to indirectly connect through one or more intervening components.
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IN THE CLAIMS

1. An active pixel comprising:

a sensor circuit to generate a signal in response to electromagnetic
radiation received on a photodetector included therein;

a sample and hold (5/H) stage coupled to an output of the sensor circuit to
read-out and store the signal, the S/H stage including a sample switching-
element to couple the signal from the sensor circuit to a capacitor element in the
S/H stage to store the signal;

a buffer/multiplexer circuit including a row-select switching-element
coupled to an output node of the capacitor element to couple the signal to a
column; and

a precharge circuit including a precharge switching-element coupled
between the output node of the capacitor element and the column to precharge
the capacitor element to a precharge voltage applied to the column when the S/H

stage is not reading-out the signal from the sensor circuit.

2. An active pixel according to claim 1, wherein the precharge switching-
element comprises a precharge transistor having a drain coupled to the output

node of the capacitor element and a source coupled to the column.,

3. An active pixel according to claim 2, wherein the row-select switching-
element comprises a row-select transistor having a drain coupled to the output
node of the capacitor element through a buffer and a source coupled to the
column, and wherein the source of the row-select transistor and the source of the

precharge transistor comprise a shared source implant.

15
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4. An active pixel according to claim 2, wherein the active pixel is one of a
plurality of pixels in an array of pixels, and wherein the precharge transistor
shares a source implant with a row-select transistor in an adjacent pixel in the
array of pixels.

5. An active pixel according to claim 1, wherein the sample switching-
element comprises an input node coupled to the output of the sensor circuit and
a second output node coupled fo the output node of the capacitor element,
wherein the precharge switching-element couples to the output node of the
capacitor element through the sample switching-element, wherein the sensor
circuit further includes a reset switching-element and a source follower amplifier
(SF) through which the sensor circuit is coupled to the S/H stage, and wherein
the SF decouples the sensor circuit from the S/H stage when a reset signal is
applied to the reset switching-element to enable the capacitor-element to be
precharged through the sample switching-element and the precharge switching-

element.

6. An active pixel according to claim 5, wherein the precharge switching-
element does not couple to the output node of the capacitor element through the
sample switching-element, and wherein the sample switching-element decouples
the capacitor element from the sensor circuit to enable the capacitor-element to

be precharged through the precharge switching-element.

7. A method for precharging a capacitor element in an in-pixel sample and
hold (5/H) stage of an active pixel, the method comprising:
electrically decoupling a sensor circuit in the active pixel from the S/H

stage;
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electrically coupling an output node of the capacitor element to a column
through a precharge transistor, the precharge transistor having a drain coupled
to the output node of the capacitor element and a source coupled to the column;
and

applying a precharge voltage to the column to precharge the capacitor

element and the column.

8. A method according to claim 7, wherein the active pixel further comprises
a row-select transistor having a drain coupled to the output node of the capacitor
element through a buffer and a source coupled to the column, and wherein the
source of the row-select transistor comprises a source implant shared with the

source of the precharge transistor.

9. A method according to claim 7, wherein the S/H stage further comprises a
sample transistor through which the sensor circuit is coupled to the output node
of the capacitor element, and wherein the precharge transistor couples to the

output of the capacitor element through the sample transistor.

10. A method according to claim 7, further comprising applying a fixed high
voltage to the column after precharging the capacitor element to decrease
leakage through the precharge transistor during readout of the sensor circuit by

the S/H stage.
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