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(7) ABSTRACT

A method for controlling a sensor to reduce reset noise is
disclosed. The method including the steps of providing a
reset command including a RESET signal and a first
SAMPLE signal. The method also includes the steps of
providing a read command including a first ADDRESS
signal, a second SAMPLE signal, and a second ADDRESS

(21) Appl. No.: 09/798,406 signal. An apparatus including a system controller and a
sensor controlled by the system controller is also disclosed.
In one embodiment, the method and apparatus is provided
for a sensor in a sensor array that is read-out in a pipelined
(22) Filed: Mar. 2, 2001 fashion.
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METHOD TO REDUCE RESET NOISE IN
PHOTODIODE BASED CMOS IMAGE SENSORS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention is related to electronic image cap-
ture. Specifically, the invention is related to reducing reset
noise in image sensors.

[0003] 2. Description of Related Art

[0004] Image sensor circuits are used in a variety of
different types of digital image capture systems, including
products such as scanners, copiers, and digital cameras. The
image sensor is typically composed of an array of light-
sensitive pixels that are electrically responsive to incident
light reflected from an object or scene whose image is to be
captured.

[0005] The performance of an image capture system
depends in large part on the sensitivity of each individual
pixel in the sensor array and its immunity from noise. Pixel
sensitivity is defined here as being related to the ratio of a
change in the pixel output voltage to the photogenerated
charge in the pixel. Noise here is defined as small fluctua-
tions in a signal that can be caused by a variety of known
sources. An image sensor with increased noise immunity
yields sharper, more accurate images in the presence of
environmental and other noise.

[0006] Improving the sensitivity of each pixel permits a
reduction in exposure time which in turn allows the capture
of images at a greater rate. This allows the image capture
system to capture motion in the scene. In addition to
allowing greater frame rate, higher pixel sensitivity also
helps detect weaker incident light to capture acceptable
quality images under low light conditions.

[0007] Another way to increase pixel sensitivity is to
increase the efficiency of the photodiode by changing the
photodiode responsitivity characteristics. Doing so, how-
ever, can require deviating from a standard MOS integrated
circuit fabrication process, thereby further increasing the
cost of manufacturing the image sensor circuit.

[0008] Integrated circuit imaging devices include an array
of light detecting elements interconnected to generate analog
signals representative of an image illuminating the device.
Within such an integrated circuit, each complementary metal
oxide semiconductor (CMOS) image sensing element con-
tained in the integrated circuit contains a photodiode or
phototransistor as a light detecting element. In one example,
charges collected in accordance with the intensity of light
illuminating the photodiode or phototransistor. By storing
charge, an analog signal is thus generated having a magni-
tude approximately proportional to the intensity of light
illuminating the light detecting element.

[0009] In operation, a photo-sensitive diode is first reset
by placing a charge across the photodiode. Then, the pho-
todiode is exposed to incident light which causes the charge
stored on the photodiode to be dissipated in proportion to the
intensity of the incident light. After a predetermined time
period during which the photodiode is exposed to the
incident light and charge is allowed to dissipate from the
diode (i.e., the “integration” time), the amount of charge
stored on the photodiode is transferred to a capacitor by
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opening a switch (i.e., a “SAMPLE” transistor), between the
photodiode and the capacitor.

[0010] When the time arrives to read-out the charge on the
capacitor, an ADDRESS is selected. After the charge on the
capacitor has been read-out, the photodiode is reset by
asserting a RESET signal to a reset transistor and the reset
potential which is distributed across the photodiode is read-
out. The amount of incident light which is detected by the
photodiode is computed by subtracting the voltage that is
transferred from the capacitor from the reset voltage level on
the photodiode.

[0011] When determining the amount of light detected by
the photodiode, noise that is generated by the switching of
the reset transistor is captured during the reset of the
photodiode. In addition, due to fluctuations in the power
supply voltage, the reset level varies between resets. Thus,
the “noise” present in the power supply also affects the reset
level. It is desirable to be able to eliminate the noise which
is generated by the reset of the photodiode.

[0012] Ttis to be noted that although a specific architecture
has been provided to describe the deficiencies in the prior
art, architectures which have not been described can contain
the same deficiencies. Thus, the problems described above
can occur in all circuits that uses a different reset level from
the level at which the photodiode begins to discharge.

[0013] Tt is therefore desirable to have a method of using
current pixel designs to achieve improved sensitivity and
noise performance using electrical circuitry available with
standard MOS fabrication processes.

SUMMARY

[0014] A method for controlling a sensor to reduce reset
noise is disclosed. The method including the steps of pro-
viding a reset command including a RESET signal and a first
SAMPLE signal. The method also includes the steps of
providing a read command including a first ADDRESS
signal, a second SAMPLE signal, and a second ADDRESS
signal. An apparatus for performing the above method is also
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates a pixel circuit used in the present
invention.

[0016] FIG.?2 is a plot of the voltage of a node in the pixel
circuit of FIG. 1.

[0017] FIG. 3 is a block diagram illustrating a pipelined
read operation of a sensor.

[0018] FIG. 4 is a timing diagram showing control signals
used in the operation of the pixel circuit of FIG. 1 in
accordance with one embodiment of the present invention.

[0019] FIG. 5 is a second pixel circuit configured in
accordance to a second embodiment of the present inven-
tion.

[0020] FIG. 6 is a timing diagram showing control signals
used in the operation of the second pixel circuit of FIG. 5§
in accordance with one embodiment of the present inven-
tion.
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[0021] FIG. 7 is a block diagram of a digital image
capture system in accordance with the present invention.

DETAILED DESCRIPTION

[0022] The present invention provides a method for reduc-
ing reset noise in a photodiode based CMOS sensor. For
purposes of explanation, specific embodiments are set forth
to provide a thorough understanding of the present inven-
tion. However, it will be understood by one skilled in the art,
from reading this disclosure, that the invention may be
practiced without these details. Further, although the present
invention is described through the use of CMOS image
sensors, most, if not all, aspects of the invention apply to
image sensors in general. Moreover, well-known elements,
devices, process steps and the like are not set forth in detail
in order to avoid obscuring the present invention.

[0023] Operation of the various embodiments of the
invention will be explained using a MOS implementation of
the circuits. The following short cuts are used in this
disclosure to describe various operating regions of the FET.
An FET is said to be “turned off” when V4 (gate-source
voltage)=V_ (threshold voltage) for the device and the
device is operating in the cut-off region where its channel
acts as an open circuit. When a FET is “turned on”, Vgg>V,
Vps (drain-source voltage) is normally small and the device
is operating in the non-saturation region.

[0024] FIG. 1 illustrates a pixel 100 with electronic shut-
ter that may be built using MOS fabrication processes. The
pixel 100 includes a photodiode PD1 coupled to a RESET
field effect transistor (FET) M1 with an electronic shutter
mechanism provided by a SAMPLE transistor M2 and a
storage capacitor C1. In operation, the pixel 100 is reset by
applying a RESET signal which causes the RESET transistor
M1 to provide a low impedance path and thus reverse bias
PD1. Next, a SAMPLE signal is applied to create a low
impedance path between nodes A and B, thereby charging
C1 to a reset level that is typically close to the rail or supply
voltage V., minus the threshold voltage drop across the
RESET transistor M1.

[0025] As will be discussed, a group of pixels such as
pixel 100 can be arranged in rows and columns to form a
sensor array. A column of pixels can have a common output
line such that all of the pixels in the column are multiplexed
to the single output line. In an alternate embodiment, the
pixels in a row can be multiplexed to a single output line. In
either case, the analog output lines from each column or row
are fed to an analog post-processing circuit (including an
analog-digital (A/D) conversion unit), which in turn pro-
vides digital signals to be further processed according to
digital signal processing techniques. The A/D unit can be
part of the sensor IC, or a different IC depending on the
system implementation.

[0026] When the object or scene comes into view of the
sensor circuit and the incident light is allowed to shine on
PD1, node Ais isolated from V. by deasserting the RESET
signal, and the voltage at nodes A and B begins to decay. The
rate of decay is determined by the photocurrent Ioyoro in
PD1 (caused by light-generated electron-hole pairs), by any
leakage current through PD1, by the capacitance of C1 and
by any parasitic leakage paths to the nodes A and B (not
shown).
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[0027] After a predetermined interval, known as the expo-
sure or integration time, has elapsed from the moment node
A is brought to the reset level and isolated, node B is also
isolated by deasserting SAMPLE, thereby capturing a light-
generated “exposed value” at node B. The capacitance of C1
is selected so that the exposed value may be held at node B
until a related signal is read at the OUTPUT node.

[0028] To read the OUTPUT node, an ADDRESS signal is
applied to the transistor M4 which acts as a switch to cause
an output signal related to the exposed value to appear at the
OUTPUT node. For purposes of discussion herein, the
output signal at the OUTPUT node is equivalent to the signal
at node B minus the threshold voltage drop of the output
transistor when the ADDRESS signal is applied to transistor
M4. Thus, an output value representing the exposed value
appears at the OUTPUT node when the ADDRESS signal is
asserted.

[0029] As discussed above, the voltage at node A (and, as
the SAMPLE signal is applied to transistor M2, node B),
begins to decay immediately after the time that the RESET
signal is deasserted (i.e., the time that node A is decoupled
from Vo). The decay continues towards a saturation level,
which represents the maximum intensity of light that pixel
100 can measure. Normally, the integration time elapses
before saturation of pixel 100 occurs and the SAMPLE
signal is deasserted from transistor M2 to “capture” the
exposed value at node B.

[0030] After the exposed value has been read-out by
asserting the ADDRESS signal, the RESET signal and the
SAMPLE signal is applied to transistor M1 and transistor
M2, respectively, so that node B is brought to a reset level.
This reset value is read by asserting the ADDRESS signal to
cause the reset level to appear at the OUTPUT node.

[0031] The difference between the reset value and the
exposed value represents the amount of decay from the
exposure of photodiode D1 to the incident light during the
integration time. This difference is used to determine the
intensity of the incident light. Due to fluctuations in the level
of VCC and switching noise in the operation of transistor
M1, however, the reset value (from which the exposed value
is derived), does not remain constant. Thus, each time the
RESET signal is asserted to obtain a reset value at node B,
a different reset value will be obtained depending on the
fluctuation of the power supply. Also, the noise generated by
the switching of transistor M1 (i.e. KT/C noise) adds to
variation in the reset value.

[0032] FIG. 2 is a plot of the voltage at node A over time
for one cycle of the operation of pixel 100. Before time
treseTi>, Where the RESET signal is provided to transistor
M1, the voltage is at Vzpgpr;» Which is approximately
V_~V1m (L€, the supply voltage minus the voltage drop
across transistor M1). When the SAMPLE signal is provided
to transistor M2, the voltage at node B will begin to track the
voltage at node A. At time tgpger, the RESET signal is
deasserted from transistor M1, and the voltage at node A
begins to decay. The voltage at node B also decays as the
SAMPLE signal is still asserted to transistor M2.

[0033] At time typgpTs, the end of the integration time, the
voltage at node A and B node has reached a value S and the
SAMPLE signal is deasserted from transistor M2. Thus, the
sampled value S is stored at node B (i.e., on capacitor C1).
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The ADDRESS signal is asserted so that the sampled value
S is read out. Shortly after the sampled value S is read out
and the ADDRESS signal is removed, the RESET signal is
applied to transistor M1, and node A is brought back to a
second reset voltage Vipsprs-

[0034] As described above, to determine the intensity of
the incident light, Vygser 1s read out after sampled voltage
Vg has been read out, and the difference between Vipgprs
and Vg (a “differential value™), is determined. If there is no
noise in pixel 100, Vyggpr, Would have the same value of
Vreser:- However, due to the above described noise (i.e.,
the switching noise of transistor or/and the fluctuation of the
power supply voltage V., the value of Ve is different
from Vyggeri, Which produces a differential value that is
different from the desired differential value of Vypgpr—Vs-
The difference between Vigger, and Vigpger; 1S the “reset
noise.”

[0035] The present invention provides a method to elimi-
nate the reset noise described above. In a preferred embodi-
ment, a reset voltage is stored before the integration period,
and is read out before the sampled value is read out. The
preferred embodiment also uses a capture method known as
a “pipelined” method for capturing an image, as described
below.

[0036] FIG. 3 is a block diagram illustrating the operation
of a pipelined read-out method of operation, wherein a
sensor array 350 contains rows 300 and 302 as the first two
rows in the sensor array; rows 304 and 306 as two subse-
quent rows separate from row 302; and rows 308 and 310 as
two additional rows after row 306; and rows 312 and 314 as
the last two rows in sensor array 350. Each of the rows in
sensory array 350 contains the same number of pixels. For
example, each row in sensor array 350 can contain 640
pixels. Thus, the number of lines between row 300 and row
314 is the vertical resolution, while the number of pixels in
each row is the horizontal resolution.

[0037] READ (M) command is provided to a row in
sensor array 350 to read-out the value of each pixel onto a
set of bitlines 316. RESET (N) command is provided to a
line to reset the signals in each pixel on that row. The RESET
(N) command initiates an operation similar to an “open
shutter” operation of a camera, while the READ (M) com-
mand initiates and operation similar to a “close shutter”
operation of a camera. In FIG. 3, for example, the READ
(M) command is provided to row 304, while the RESET (N)
command is provided to row 308. By changing the time
from which the RESET (N) command is provided to a row
to the time that the READ (N) command is provided to that
same row, integration time can be adjusted. For example, to
vary the integration time for a row of pixels such as row 308,
the RESET (N) command is first provided to row 308. At a
predetermined period after the RESET (N) command is
provided to row 308, the READ (M) command is provided
to row 308 to output the signal that represents the intensity
of the detected light by each pixel on row 308 of sensor array
250. Also, the period between the time that the RESET (N)
command is provided and the time that the READ (M)
command is provided is the integration time, as described
above, the outputs of the pixel of each row in sensor array
350 is provided through a set of bitlines 316.

[0038] FIG. 4 is a timing diagram illustrating the opera-
tion of pixel 100 in accordance with the preferred method of
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the present invention, where the ADDRESS signal, the
SAMPLE signal, and the RESET signal are shown over
time.

[0039] At time t1, RESET (N) command is received at the
Sensor array, initiating the open shutter command. Thus, the
SAMPLE signal and RESET signal are asserted so that node
A is brought to the reset voltage level, which is approxi-
mately Voo—Vry- By asserting the SAMPLE signal, node
B is also brought to the same reset level as node A. Thus,
node B will track node A. At time t2, the RESET signal is
removed from transistor M1, thereby removing the V..
voltage from node A. At time t3, the SAMPLE signal is
removed from transistor M2, thereby isolating node B from
node A, storing Vggpger; on capacitor C1. The SAMPLE
signal is removed after the RESET signal is removed (i.e.,
node B is isolated from node A after the V. voltage is
removed from node A), to allow the captured signal at node
B (i.e., the reset level R) to include the noise generated by
the KT/C noise (i.e., the switching noise) of transistor M1.
In one preferred embodiment, time t3 and time t2 are very
close in proximity. This is to allow the captured reset level
at node B to match, as closely as possible, the beginning
reset value at node A, as the voltage at node A will begin to
decay (i.e., the integration time will begin), immediately
after the RESET signal is removed from transistor M1.

[0040] At time t4, the READ (M) signal has arrived (i.e.,
the close shutter command), which will assert the
ADDRESS signal to transistor M4, and the voltage at node
B will be read-out over the bitline to the post-processing
circuits. The output of the value at node B continues until
time t5, at which point the address signal is removed from
transistor M4.

[0041] At time t5, the SAMPLE signal is asserted to
transistor M2. The assertion of the SAMPLE signal to
transistor M2 will effectively couple node B to node A,
allowing the effect of the voltage generated by incident light
on photodiode PD1 to be measured. At time t6, the SAMPLE
signal is deasserted from transistor M2, which completes the
obtainment of the sample value at node B. Also at time t6,
the ADDRESS signal is reasserted to transistor M4 to
readout value S. In one embodiment, the integration time is
measured from time t2 to time t6. At time t7, the ADDRESS
signal is removed from transistor M4, thereby completing
the read-out of the sample value S. Thereafter, the post-
processing circuitry can compare the difference between the
sampled value S and the captured reset level R and deter-
mine the affect on node A from the incident light being
shown on photodiode PD1.

[0042] By capturing the reset value before integration,
fluctuations of the power supply (i.e., V), is avoided as the
actual reset level R from which the decay begins, at node A,
is captured at the beginning of the integration period. In
addition, by removing the SAMPLE signal from transistor
M2 after the RESET signal is removed from transistor M1,
the switching noise of transistor M1 (i.e., KT/C noise), is
incorporated into the reset level for all reset levels, thereby
offering a fixed noise which can be removed by appropriate
compensation.

[0043] FIG. 5 is a circuit diagram of a second pixel circuit
200 configured in accordance with one embodiment of the
present invention that may be built using MOS fabrication
processes. Pixel 200 includes a photodiode PD2 coupled to
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a RESET field-effect transistor (FET) M10 with an elec-
tronic shutter mechanism provided by a SAMPLE transistor
M11 and a storage capacitor C2. Pixel 200 also includes a
secondary storage mechanism provided by a second
SAMPLE transistor M12 and a second storage capacitor C3.
The process for manufacturing the circuit of pixel 200 is
identical to the process of manufacturing the circuit of pixel
100, except for the addition of transistor M12 and capacitor
C3 in between node D and the gate of transistor M13. Pixel
200 is used for systems where a non-pipeline read-out
processes not used. Thus, pixel 200 is used in methods
similar to prior art image capture circuits where all pixels of
a sensor is exposed to an image at one time, and the captured
charges are read-out from the sensor array, one row at a time.

[0044] FIG. 6 is a timing diagram of the control signals
used in the operation of pixel 200. A RESET signal, a
SAMPLEL1 signal, a SAMPLE2 signal, and an ADDRESS
signal is shown over time.

[0045] At time T1, the RESET signal, the SAMPLE1
signal, and the SAMPLE2 signal are all asserted. Thus, the
RESET signal is asserted to transistor M10, the SAMPLE1
signal is asserted to transistor M11, and the SAMPLE2
signal is asserted to M12. It is to be noted that these three
signals are asserted to all of the pixel circuits in the sensor
array at the same time. Thus, all sensors are being operated
at the same time to capture an image. After time T1, the
voltages at node C, node D, and node E should be at
approximately the same level.

[0046] At time T2, the RESET signal is removed from
transistor M10, which allows the charge on photodiode PD2
to decay in response to the incident light. Thus, at time T2,
the integration period has begun.

[0047] At time T3, the SAMPLE2 signal is deasserted
from transistor M12, thereby capturing the reset level of the
voltage at node E, propagated through node D and node C.
In one embodiment, time T3 is very close to time T2, so as
to ensure that the reset level captured by and stored in
capacitor C3 is as close as possible to the reset level present
on node C when the RESET signal is removed from tran-
sistor M10 as possible.

[0048] At time T4, the SAMPLEL signal is removed from
transistor M10, thereby capturing the voltage level at node
C on capacitor C2. After time T4, all pixel circuits on the
sensor array contain both the reset level, which is stored at
a capacitor on each pixel circuit such as capacitor C3, and
a charge which represents the amount of incident light which
fell on photodiode PD2 during the integration time on a
capacitor on each pixel circuit such as capacitor C2. There-
after, each row is read individually so as to output these
stored signal levels to a post-processing circuit over the
bitlines. Thus, the integration time is from time T2 to time
T4.

[0049] In time TS5, the ADDRESS signal is asserted to
transistor M14 to read-out the stored reset level that is
contained on capacitor C3 (i.e., node E). As described for
pixel 100, the application of the ADDRESS signal to tran-
sistor M14 will cause transistor M14 to act as a switch to
allow an output signal related to the value and node E to
appear at the OUTPUT node.

[0050] At time T6, the ADDRESS signal is removed from
transistor M14 and at approximately the same time, the
SAMPLE?2 signal is asserted to transistor M12. The provi-
sion of the SAMPLE2 signal to transistor M12 will effec-
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tively couple node D and node E together. Therefore, charge
will flow between node D and node E, thereby creating a
voltage at node E which is representative of the sampled
value S.

[0051] At time T7, the ADDRESS signal line is asserted
again to transistor M14, which provides a signal value on the
output node which is representative of the voltage level at
node E and places it on the bitline for the post-processing
circuitry. At time T8, the ADDRESS signal is deasserted
from transistor M14, which ends the output of the sampled
value S at the OUTPUT node.

[0052] An embodiment of the invention as an imaging
system 500 is shown as a logical block diagram in FIG. 7.
The imaging system 500 includes a number of conventional
elements, such as an optical system having a lens 504 and
aperture 508 that is exposed to the incident light reflected
from a scene or object 502. The optical system properly
channels the incident light towards the image sensor 514,
which, by virtue of having an array of pixels configured
similar to pixel 100, generates sensor signals in response to
an image of the object 502 being formed on the sensor 514.
The various control signals used in the operation of pixel
100, such as the RESET signal, the SAMPLE signal, and the
ADDRESS signal, is generated by a system controller 560.
The controller 560 may include a microcontroller or a
processor with input/output (I/O) interfaces that generates
the control signals in response to instructions stored in a
non-volatile programmable memory. Alternatively, a logic
circuit that is tailored to generate the control signals with
proper timing can be used. The system controller also acts in
response to user input via the local user interface 558 (as
when a user pushes a button or turns a knob of the system
500) or the host/PC interface 554 to manage the operation of
the imaging system 500.

[0053] To obtain compressed and/or scaled images, a
signal and image processing block 510 is provided in which
hardware and software operates according to image process-
ing methodologies to generate captured image data with a
predefined resolution in response to receiving the sensor
signals. Optional storage devices (not shown) can be used
aboard the system 500 for storing the captured image data.
Such local storage devices may include a removable
memory card. A host/Personal Computer (PC) communica-
tion interface 554 is normally included for transferring the
captured image data to an image processing and/or viewing
system such as a computer separate from the imaging system
500. The imaging system 500 can optionally contain a
display means (not shown) for displaying the captured
image data. For instance, the imaging system 500 may be a
portable digital camera having a liquid crystal display or
other suitable low power display for showing the captured
image data.

[0054] The embodiments of the invention described above
are, of course, subject to other variations in structure and
implementation. For instance, pixels 100 features transistors
whose dimensions may be selected by one skilled in the art
in order to achieve proper circuit operation as described
above while minimizing power consumption. Also, the
value of the storage capacitor may also be selected by one
skilled in the art so as to provide the desired trade off
between sensitivity and noise immunity, with lower capaci-
tance yielding higher sensitivity but lower noise immunity.
The integration time can also be varied so as to yield the
desired trade off between pixel resolution and image frame
rate. Therefore, the scope of the invention should be deter-
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mined not by the embodiments illustrated but by the
appended claims and their legal equivalents.

[0055] While the present invention has been particularly
described with reference to the various figures, it should be
understood that the figures are for illustration only and
should not be taken as limiting the scope of the invention.
Many changes and modifications may be made to the
invention, by one having ordinary skill in the art, without
departing from the spirit and scope of the invention.

What is claimed is:
1. A method comprising the steps of:

providing a reset command including a RESET signal and
a first SAMPLE signal; and

providing a read command including a first ADDRESS
signal, a second SAMPLE signal, and a second
ADDRESS signal.
2. The method of claim 1, wherein said step of providing
a reset command comprises:

providing said RESET signal and said first SAMPLE
signal; and,

removing said RESET signal.

3. The method of claim 2, wherein said RESET signal and
said first SAMPLE signal are provided simultaneously.

4. The method of claim 2, wherein said first SAMPLE
signal is removed after said RESET signal is removed.

5. The method of claim 1, wherein said step of providing
a read command comprises:

providing said first ADDRESS signal;
removing said first ADDRESS signal;
providing said second SAMPLE signal;
removing said second SAMPLE signal;
providing said second ADDRESS signal; and,

removing said second ADDRESS signal.

6. The method of claim 5, wherein said first ADDRESS
signal is removed before said second SAMPLE signal is
provided, and said second SAMPLE signal is removed
before said second ADDRESS signal is provided.

7. A method comprising the steps of:

providing a reset command including a RESET signal, a
first SAMPLE signal and a second SAMPLE signal;
and

providing a read command including a first ADDRESS
signal, a third SAMPLE signal, and a second
ADDRESS signal.
8. The method of claim 7, wherein said step of providing
a reset command comprises:

providing said RESET signal, said first SAMPLE signal
and said second SAMPLE signal;

removing said RESET signal;
removing said second SAMPLE signal; and,

removing said first SAMPLE signal.

9. The method of claim 8, wherein said RESET signal,
said first SAMPLE signal and said second SAMPLE signal
are provided simultaneously.

10. The method of claim 8, wherein said first SAMPLE
signal is removed after said second SAMPLE signal is
removed, and said second SAMPLE signal is removed after
said RESET signal is removed.
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11. The method of claim 7, wherein said step of providing
a read command further comprises:

providing said first ADDRESS signal;
removing said first ADDRESS signal;
providing said third SAMPLE signal;
removing said third SAMPLE signal;
providing said second ADDRESS signal; and,

removing said second ADDRESS signal.

12. The method of claim 11, wherein said first ADDRESS
signal is removed before said third SAMPLE signal is
provided, and said second SAMPLE signal is removed
before said second ADDRESS signal is provided.

13. An apparatus comprising:

a sensor having a first switching element, a second
switching element, and a third switching element; and,

a system controller configured to:

provide a reset command including a RESET signal
and a first SAMPLE signal; and

provide a read command including a first ADDRESS
signal, a second SAMPLE signal, and a second
ADDRESS signal.
14. The apparatus of claim 13, wherein said system
controller is further configured to:

provide said RESET signal to said first switching element
and said first SAMPLE signal to said second switching
element; and,

removing said RESET signal from said first switching

element.

15. The apparatus of claim 14, wherein said system
controller is configured to provide said RESET signal and
said first SAMPLE signal simultaneously.

16. The apparatus of claim 14, wherein said system
controller is configured to remove said first SAMPLE signal
after said RESET signal.

17. The apparatus of claim 13, wherein said system
controller is further configured to:

provide said first ADDRESS signal to said third switching
clement;

remove said first ADDRESS signal from said third
switching element;

provide said second SAMPLE signal to said second
switching element;

remove said second SAMPLE signal from said second
switching element;

provide said second ADDRESS signal to said third
switching element; and,

remove said second ADDRESS signal from said third

switching element.

18. The method of claim 17, wherein said system con-
troller is configured to remove said first ADDRESS signal
before providing said second SAMPLE signal, and remove
said second SAMPLE signal before providing said second
ADDRESS signal.



