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photo sensitive array are transferred. The compensation circuit can calculate the initial dark current offset value each time an

Image Is captured, thereby compensating for variables such as temperature.
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(57) Abstract

An imaging device includes a compensation circuit for reducing an effect of dark current generated during operation. The compensation
circuit calculates an initial dark current offset value using optically dark regions of a photo sensitive array. The compensation circuit also
automatically adjusts the initial dark current offset value as output signals from successive rows of the photo sensitive array are transferred.
The compensation circuit can calculate the initial dark current offset value each time an image is captured, thereby compensating for

variables such as temperature.
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Dark-Current Compensation Circuit

Technical Field
The present imnvention relates generally to image sensing and, in

particular, to dark current compensation.

Background

Solid state imaging devices, such as, charge coupled devices (CCD) and
complementary metal oxide semiconductor (CMOS) imaging devices are used in
different electronic devices, such as digital cameras, copiers and scanners. The
imaging devices include a number of photodiodes arranged in a pixel matrix
having vertical columns and horizontal rows. During operation, the photddiodes
are exposed to a light source. For example, a shutter of a digital camera is
opened to expose a photodiode array. The incident photons are converted to
electrons and stored as a charge on the photodiodes. These charges represent the
light image exposed to the photodiode matrnix. The of the photodiodes are
transferred to a processing unit for converting the charge to digital data. For
example, an image captured by an array of photodiodes in a camera 1s processed
and stored in memory for future viewing and/or printing.

A standard method of transferring an image captured by a CCD array is
to sequentially read each pixel of a row, and then sequentially read each pixel of
a subsequent row. This method 1s repeated until each pixel of the array has been
read. Because the entire photodiode array 1s exposed to light simultaneously,
and the photo diode charges are transferred serially, there can be a substantial
time period between exposing the array and transferring a charge of the last
photodiode pixel. Further, solid-state image devices are volatile. That is,
photodiodes are susceptible to leakage current and therefore lose charge
overtime. This charge loss 1s particularly noticeable when the array is dark, or
no longer exposed to the light source. The photodiode leakage current during the
dark period is referred to as a dark current. This dark current is a function of
temperature, fabrication vanables, and the length of time in which the
photodiode is dark (exposure and read out time). A variable error, therefore, 1s
induced during the time period between exposing the array and reading out the

last photodiode. The dark current 1s always present in the imaging device. That
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1s, dark current is present during both exposure (some times referred to as
integration) and when there is not incident light.

Different approaches have been proposed for eliminating or
compensating for dark currents. For example, U.S. Patent No. 5,608,455 entitled
"Interline Transfer CCD Image Sensor with Reduced Dark Current"” issued
March 4, 1997 describes a CCD 1mage sensor which uses optical black areas
located between an image pick up area and a horizontal transfer path. The CCD
image sensor captures and stores a dark image of the active array. During the
data transfer operation of an exposed 1image, the stored dark image of the active
array 1s used to compensate for dark current errors. Additional approaches have
been proposed which compensate for dark currents by manipulating transfer

operations, or physical processing variations.

For the reasons stated above, and for other reasons stated below which

-~ will become apparent to those skilled 1n the art upon reading and understanding
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the present specification, there 1s a need n the art for accurate reduction of dark

current errors in imaging devices.
Summary of the Invention

In one embodiment, an 1maging device comprises an imaging array
comprisihg a plurality of photo sensitive pixels arranged in a plurality of rows
and columns. The imaging array further comprises an active area, a first
optically dark area comprising at least one row of pixels, and a second optically
dark area located adjacent to the active area and comprising at least one column
of pixels. A compensation circuit is coupled to the imaging array. The
compensation circuit generates an initial dark current offset value from an output
signal of the first optically dark area, and adjusts the initial dark current offset
value using an output signal of the second optically dark area.

In another embodiment, an imaging device compensation circuit
comprises an input node for receiving an output signal from an optically
sensitive device, a buffer circuit coupled to the input node, a reference voltage
circuit coupled to an input node of the buffer circuit via a first switch circuit, and
an integrator circuit coupled to an output signal of the buffer circuit. The

Integrator circuit has an output node coupled to an input node of the buffer

circuit via a second switch circuit.
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3riel Descrintion of the Drawing

Figure 1 is a block diagram of an imaging device of one embodiment of
the invention; |

Figure 2 illustrates an imaging array of the imaging device of Figure 1;

Figure 3 1s a diagram of a compensation circuit of the imaging device of
Figure 1,

Figure 4 1s a diagram of an alternate compensation circuit of the imaging

device of Figure 1; and

Figure S 1s a diagram of an alternate compensation circuit of the imaging

device of Figure 1.
Detalled Description of the Inventior
In the following detailed description of the preferred embodiments,

reference is made to the accompanying drawings which form a part hereof, and

in which 1s shown by way of illustration specific preferred embodiments in

which the inventions may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it
is to be understood that other embodiments may be utilized and that logical,
mechanical and electrical changes may be made without departing from the spirit
and scope of the present inventions. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the present
invention 1s defined only by the appended claims.

Referring to Figure 1, an imaging device 1s 1llustrated which
compensates for dark current experienced during an array transfer operation.
The imaging device 100 includes an array of photo sensitive cells, or pixels 102,
such as photodiodes, a compensation circuit 106 for reducing error experienced
by the photo sensitive cells, and a control circuit 104 to control operation of the
imaging device and data transfer from the array. An optional processing circuit
105 can be provided to process and/or store data transferred from the array.
Likewise, output signals from the compensation circuit can be output from the
imaging device for external processing.

As explained above, the photo sensitive array 102 captures a light image
which is exposed to the array. The array includes numerous rows and columns

of photo sensitive cells, or pixels, which experience leakage (dark) currents.

3



CA 02355596 2001-06-14

wO 00/40009 PCT/US99/31120

10

15

20

25

30

Because a variable time differential 1s experienced between exposing the array to
a light source and transferring pixel charges from the array, a variable
(increasing) dark current build-up 1s experienced which induces error in the
charge stored on the pixels. As known to those skilled in the art, the dark current
1s a function of device temperature and integration time. That is, both
environmental and operational vanables change the effect of the dark current.

In one embodiment of the imaging device, a compensation circuit 106 is
provided which compensates for dark current changes over an array transfer
operation. Prior to describing the transfer circuit, array 102 is described in more
detail. Referring to Figure 2, one embodiment of array 102 1s illustrated. The
array includes a matrix of photo sensitive pixels 107 which are arranged in
numerous rows and columns. The array includes an active area 108 which is

exposed to light during operation of the imaging device. Photo sensitive

~elements 107 can be any type of solid-state photo sensitive device, such as, but

not limited to, complementary metal oxide semiconductor (CMOS) photodiodes.
An optically dark region 110 is provided adjacent to the array and includes a
plurality of rows of photo sensitive pixels. It will be appreciated by those skilled
in the art, with the benefit of the present disclosure, that optically dark region
110 can be located on either, or both, sides of active region 108. Only one
region 110 1s required for the present invention.

A difference between optically dark region 110 and active region 108 is
that photo sensitive pixels located in the optically dark region are shielded from
incident light. This can be accomplished by fabricating a layer of metal, such as
aluminum, over the pixels. A second optically dark region 112 is located on one
edge of the array and includes a plurality of columns of photo sensitive pixels.
An optional optically dark region 114 can be located on an opposite edge of the
array and includes a plurality of columns of pixels. During a read operation from
the array, a charge is serially read from each row. For example, array 102 can be
read by first read a charge from a pixel 107 located at an upper right corner of
array 102 (row 150(a), column 111(a)), and then serially reading a charge from
pixels located in row 150(a) until column 111(n) 1s reached. Data from a
subsequent row 1is then read following the same process until data from row

150(n) has been read. Although the above described transfer operation shifts

4
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charges from left to right, data can be read from the array from right to left, top
to bottom, bottom to top, or mixed. As described below, regardless of the
transfer scheme selected, data is read from optically dark region 110 pri<;r to
reading data from active area 108.

S As known to those skilled in the art, photo sensitive elements 107 can be
charged to a predetermined level prior to being exposed to incident light. As
such, pixels of the array have a predetermined initial charge which is changed
upon exposure to the incident light. The preparation of the array prior to
integration is dependant upon the architecture of the imaging device, and not

10 considered limiting to the present invention. The reduction in charge is
proportional to an intensity of the light exposed to a particular pixel. In an ideal
optical imaging device, the predetermined charge (offset factor) caﬁ be
subtracted from the resultant charge to determine the image exposed using the

--incident light.- Present imaging devices, however, experience error due to

15 leakage type currents. The leakage current is a factor of temperature, and a
cumulative result of the leakage current will vary depending upon a time in
which data 1s exposed to the leakage current. Because these variables are not
easily predicted, merely subtracting the predetermined charge level placed on the
pixels will not provide an accurate representation of the incident light image.

20 Referring to Figure 3, one embodiment of a compensation circuit 106 is
provided which generates a beginning dark current offset factor for each image
captured, and adjusts the beginning offset factor during data transfer operations.
The compensation circuit includes an input node 120 for receiving a charge from
pixels of the array. An optional coupling capacitor 124 is used to couple the

25 charge to node 121. The compensation circuit operates in one of two modes,
depending upon which area of the array 1s coupled to the compensation circuit.
That 1s, when optically dark regions are coupled to the compensation circuit, a
first operating mode 1s executed. When active area 108 is coupled to the
compensation circuit, a second operating mode is executed. The first operating

30 mode 1s used to establish the dark current offset value which 1s subtracted from
data read from the active area.

The compensation circuit 1llustrated in Figure 3 includes a sample and

hold buffer 126, a resettable integrator circuit 128, switch circuit 135, switch
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circuit 130, a reference voltage circuit 134, and switch circuit 132. Switches
130, 132 and 135 can be electrically controlled switches, such as field effect
transistors (FETs) which are activated by control lines 131, 133 and 136,‘
respectively. These switches can be controlled by controller 104. Reference
voltage circuit 134 can be located extemnal to the compensation circuit, and
provides a reference voltage which approximates an initial dark current
experienced by an array pixel. During the first operating mode when optically
dark region 110 1s being transferred to compensation circuit 106, switch circuit
132 1s closed such that a reference voltage from reference voltage circuit 134 is
coupled to node 121. This reference voltage is subtracted from an optically dark
pixel charge coupled to node 121 via mput node 120. The resultant voltage on
node 121, therefore, represents a charge difference between the optically dark

pixel and the reference voltage. The voltage on node 121 is sampled by buffer

circuit 126 and coupled to integrator circuit 128 via closed switch 135.

Integrator circuit 128 integrates the charge difference between all of the pixels in
optically dark region 110 and the reference voltage. An integrated value
representing the average dark current experienced during the transfer of region
110 1s maintained 1n integrator circuit 128 as a dark current offset value which is
used during data transtfer from active regton 108. It is important to note that a
time constant used to obtain the offset value corresponds to the time necessary
for transferring data from optically dark region 110.

When a charge 1s transferred from active area 108 to the compensation
circuit, switch circuit 130 1s closed and switch circuits 132 and 135 are opened.
As pixel data charges are coupled to input node 120 from active area 108, the
dark current offset value from integrator circuit 128 is subtracted at node 121.
During this second mode of operation, integrator circuit 128 does not change the
dark current offset value. Data provided at node 122, therefore, represents a
charge read from pixels 1n area 108 offset by the offset value representing a dark
current variable. As stated above, dark current is a factor of time and the offset
value therefore will not accurately remove all dark current error induced as the
transfer operation approaches row 150(n). Dark regions 112 and/or 114 are

provided to adjust the offset value as the transfer operation progresses through

successive rows.
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To adjust the dark current offset value, charges from pixels located in
regions 112 and/or 114 are coupled to integrator circuit 128 via switch 135, as
described above. In one embodiment, switches 132 and 135 are closed and
switch 130 1s opened such that integrator circuit 128 adjusts the dark current
offset value at each successive row of the array. Alternately, switch 132 is
opened and switches 130 and 135 are closed. In this embodiment, the integrator
compensates for the charge on node 121 prior to adjusting the offset value. In
both embodiments, regions 112 and/or 114 are used to adjust the offset value
coupled to node 121.

It will be appreciated by those skilled 1n the art, upon studying the
present disclosure, that either or both optically dark regions 112 and 114 can be
used to adjust the offset value. The compensation circuit, therefore, determines

an initial dark current offset value and adjusts the dark current offset value as a

© captured 1image is transferred from array 102. As such, dark current variations

which result from both fabrication and temperature changes are compensated for
by establishing an initial offset value each time any image is captured. Further,
dark current variation which results due to the time it takes to transfer active area
data is compensated for by adjusting the offset value as each new row of pixels is
transferred. The compensation circuit, therefore, provides a correlated double

sample dark current compensation circuit which automatically adjusts to changes

in the dark current.

The output signals provided at node 122 of the compensation circuit
represents the charge stored on a pixel in array area 108, offset by the change in
dark current. The output voltage, however, still includes a remnant of the initial
charge placed on the array pixels prior to exposing the array to incident light.
The differential between the 1nitital charge value and the pixel charge after
exposure provides a more accurate representation of the intensity of the incident
light. To extract this data, the initial charge value can be eliminated using
reference voltage circuit 134 during the second operating mode. That is, both
switch circuits 130 and 132 are closed during a time when active area 108 is
being transferred. The reference voltage and offset value from integrator 128,

therefore, are both used to extract an image from a charge provided on node 120.
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Alternately, the initial charge can be removed from output node 122 using
additional processing circuitry. '
Figure 4 1llustrates an alternate embodiment of compensation circguit 106.

An analog to digital (A/D) converter 152 1s coupled to an output connection of

5 sample circuit 126. The output signals at node 122, therefore, are digital.
Likewise, resettable integrator 128 uses the digital input and provides an analog
output voltage. A resettable integrator which provides a digital output is
illustrated in Figure 5. An accumulator circuit 155 is used to remove the offset
value, provided by the integrator, from an output signal.

10 Imaging device 100 has been described herein in a simplified manner to
illustrate the present invention. It will be appreciated that additional components
and features can be provided 1n imaging device 100. For example, output node
122 of the compensation circuit can be coupled to additional internal processing
circuitry 105 and/or coupled to external devices. In one embodiment, the

15 1maging device is a camera and the internal processing circuitry is used to
capture and store numerous images. The camera can be adapted to communicate
with an external processor, printer, or network to transfer the captured images.
Likewise, the imaging device can be a scanner, copier or similar device. Further,
switch circuits 130, 132 and 135 represent control functions which can be

20 incorporated into the remaining circuits. That 1s, integrator 128 can include

circuitry which samples node 122 and couples an output signal to node 121 in

response to control signals.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
25 arrangement which 1s calculated to achieve the same purpose may be substituted

for the specific embodiment shown. This application is intended to cover any
adaptations or vanations of the present invention. Therefore, it 1s manifestly

intended that this invention be himited only by the claims and the equivalents

thereof.
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What 1s claimed is:
1. An imaging device comprising;

an imaging array comprising a plurality of photo sensitive pixels.
arranged 1n a plurality of rows and columns, the imaging array further

5 comprising an active area, a first optically dark area comprising at least one row

of pixels, and a second optically dark area located adjacent to the active area and
comprising at least one column of pixels; and

a compensation circuit coupled to the imaging array, the compensation
circuit generates an itial dark current offset value from an output signal of the

10 first optically dark area, and adjusts the initial dark current offset value using an

output signal of the second optically dark area.

2. The imaging device of claim | wherein the imaging array further
~comprises a third optically dark area comprising at least one row of pixels, the

15 third optically dark area 1s located on an opposite side of the active area from the

second optically dark area.

3. The 1maging device of claim 1 wherein the compensation circuit

COMPIrises:

20 a buffer circuit coupled to receive an output signal from the imaging

array;

a reference circuit to selectively couple a reference voltage to an input

node of the buffer circuit; and

an integration circuit to generate the initial dark current offset value, and

25 adjust the nitial dark current offset value.

4. The 1maging device of claim 3 wherein the reference circuit is coupled to

the buffer circuit through a switch circuit.

30 5. The imaging device of claim 4 wherein the switch circuit is selectively

activated when either the first or second optically dark areas are coupled to the

compensation circuit.
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6. The imaging device of claim 3 wherein the integration circuit is coupled

to an 1nput node of the buffer circuit through a switch circuit.

7. The 1maging device of claim 6 wherein the switch circuit is selectively

5 activated when the active area is coupled to the compensation circuit.

8. The 1imaging device of claim 1 wherein the compensation circuit

determines the initial dark current offset value each time the active area is

exposed to incident light.

10

0. The 1maging device of claim 1 further comprising:

a control circuit to transfer data from the imaging array to the

compensation circuit.

15 10. An imaging device comprising:
an 1maging array comprising a plurality of photo sensitive pixels
arranged 1n a plurality of rows and columns, the imaging array further
comprising an active area which can be selectively exposed to incident light to
capture an image, a first optically dark area located adjacent to the active area
20  and comprising at least one row of photo sensitive pixels, and a second optically
dark area located adjacent to the active area and comprising at least one column
of photo sensitive pixels, the photo sensitive pixels of the first and second
optically dark areas are shielded from incident light; and
a compensation circuit coupled to the imaging array, the compensation
25 circurt generates an 1nitial dark current offset value from the first optically dark

area, and adjusts the 1nitial dark current offset value using the second optically

dark area, the compensation circuit comprises:
a buffer circuit coupled to receive an output signal from the
imaging array,
30 a reference circuit to selectively couple a reference voltage to an

input node of the buffer circuit, and

an integration circuit to generate the initial the dark current offset

value, and adjust the initial dark current offset value.

10
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11.  The imaging device of claim 10 wherein the imaging device is a camera.
12. The imaging device of claim 10 wherein the reference circuit is coupled

to the buffer circuit through a switch circuit which is selectively activated when

5 either the first or second optically dark areas are coupled to the compensation

circuit.

13. The 1maging device of claim 10 wherein the integration circuit is
coupled to an input node of the buffer circuit through a switch circuit which is

10 selectively activated when the active area i1s coupled to the compensation circuit.

14. An 1maging device compensation circuit comprising:
an input node for recetving an output signal from an optically sensitive
device;
15 a buffer circuit coupled to the input node;

a reference voltage circuit coupled to an input node of the buffer circuit

via a first switch circuit; and

an integrator circuit coupled to an output signal of the buffer circuit, the

integrator circuit having an output signal coupled to an input node of the buffer

20 circuit via a second switch circuat.

15. A method of compensating for dark current in an imaging device, the
method comprising:
calculating an average dark current value for at least one row of shielded
25 optically sensitive pixels;
subtracting the average dark current value from an output signal of
active optically sensitive pixels; and
adjusting the average dark current value using shielded optically

sensitive pixels located in successive rows of the imaging device.

30

16. The method of claim 15 wherein the average dark current value is

calculated by integrating a difference between an output signal from each pixel

11
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of the at least one row of shielded optically sensitive pixels and a reference

voltage.

17. The method of claim 15 wherein adjusting the average dark current
5 value is performed twice for each row of optically sensitive pixels of the imaging

device.

18.  The method of claim 15 wherein the average dark current value is

calculated each time the active optically sensitive pixels are exposed to incident
10 light.

12
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