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A photosensitive system comprises a photo
detector array 41, transfer gate 44 and output,
charge transfer register 47. Charge transfer register
47 receives charges from the sensor array 41 via the
charge transfer gate 44, and shifts these charges to
output. A controller 110 serves to keep the charge
transfer gate or circuit 44 closed or enabled during a
time period when the transfer register 47 is shifting
a set of charges previously transferred from
imaging array 41 via the gate 44. Thus, charges may
be transferred from image sensor 41 to transfer
register 47 simultaneously with previously stored
signal charges being shifted or read out from the
register 47.
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SYSTEM AND METHOD FOR CONTROLLING
PHOTOSENSITIVE CHARGE TRANSFERS

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention generally relates to photosensing techniques and, in
particular, to a system and method for controlling charge transfers for photosensitive

arrays.

RELATED ART

Image scanners convert a visible image on a document or photograph, or an
image in a transparent medium, into an electronic form suitable for copying, storing or
processing by a computer. An image scanner may be utilized as a part of a camera, a
copicer, a facsimile machine or other type of device that captures images during
operation. In order to capture an image, light is typically reflected off the surface of a
document, through an optics system, and onto a photosensitive device.

Each photosensitive device has one or more photosensor arrays, and each
photoscnsensor array typically has thousands of individual photosensitive elements.
Each photosensitive clement, in conjunction with the scanner optics system, measures
light intensity from an effective arca on the document thereby defining a picture
clement (pixel) on the image being scanned.

In measuring hight intensity from an effective arca on the document being
scanned, cach photosensitive element within a photosensor array collects charge based
on the intensity of light received by the photosensitive element.  After collecting charge

for a specified time period, referred to as an “exposure period,” the charges within the
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photosensitive elements are transferred into a charge transfer register. Usually,
charges from different photosensitive elements are transferred into different cells of the
charge transfer register such that all of the charge in any cell defines the measured light
intensity for the same pixel or, in other words, are transferred from the same
photosensitive clement.

Once the charges are transferred into the charge transfer register, the photo-
sensitive clements begin collecting charge for the next exposure period. Usually, the
charges in the cells of the charge transfer register are serially shified out of the charge
transfer register “bucket-brigade” style. Each set of charges shifted out of the charge
transfer register may be converted into an electrical signal, which is later used to define
a color value for the corresponding pixel of the image being captured.

Due to various synchronization and data reliability constraints, situations arise
when it is desirablc for a sample of a photosensor array to be based on an exposure
period having a length of time different than the selectable lengths. In such a situation,
the exposure period having a time length closest to the desired time length is selected.
However, a slight difference may exist between the selected time length and the desired
time length.

Some photosensor arrays address the foregoing problems by employing a
shutter that effectively enables a photosensor array to take a sample of any desired
exposure time length. However, the shutter adds a relatively signiticant amount of
structure to the photosensor array, thereby significantly increasing the size and/or cost

of the photoscnsor array.
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SUMMARY OF THE INVENTION

Generally, the present invention provides a photosensitive system and method
for controlling charge transfers for photosensitive arrays.

An exemplary embodiment of a photosensitive system in accordance with the
present invention utilizes an array of photosensitive elements, a transfer gate, a charge
transfer register, and a controller. The transfer gate is coupled to the photosensitive
clements, and the charge transfer register is coupled to the transfer gate. The charge
transfer register is configured to receive charges from the array of photosensitive
clements, via the transfer gate, and to shift the charges out of the charge transfer
register. The controller is configured to control the transfer gate such that charges are
collected in cach of the photosensitive elements and transferred, via the transfer gate,
to the charge transfer register. The controller is further configured to enable the
transfer gate during a time period when the charge transfer register is shifting a set of
charges previously transferred from the array of photosensitive elements to the charge
transfer register.

The present invention can also be viewed as providing a method for controlling
charge transfers for photosensitive arrays. The method can be broadly conceptualized
by the following steps: collecting a first set of charges within an array of
photosensitive clements and transferring the first set of charges to a charge transfer
register, transferring a second set of charges from the photosensitive clements to the
charge transfer register, shifting the first set of charges out of the charge transfer
register, shifting the second set of charges out of the charge transfer register,
preventing charges collected in the photosensitive elements from transferring to the

charge transfer register while the first set of charges remains in the charge transfer
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register, and enabling charges to transfer from the photosensitive elements to the

charge transfer register during the shifting the second set of charges step.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to the following
drawings. The elements of the drawings are not necessarily to scale relative to each
other, emphasis instead being placed upon clearly illustrating the principles of the
invention. Furthermore, like reference numerals designate corresponding parts
throughout the several views.

FIG. 1 is a block diagram illustrating a conventional scanning system.

FIG. 2 is a block diagram illustrating a more detailed view of a photosensor
array depicted in FIG. 1.

FIG. 3 is a timing diagram illustrating control signals provided by a scanncr
controller depicted in FIG. 2.

FIG. 4 is a block diagram illustrating another embodiment for the photosensor
array depicted in FIG. 2.

FIG. 5 is a block diagram illustrating a scanning system in accordance with an
exemplary embodiment of the present invention.

FIG. 6 is a block diagram illustrating a more dctailed view of a photosensor
array depicted in FIG. 5.

FIG. 7 is a timing diagram illustrating exemplary control signals provided by a
scanner controller depicted in FIG. 5.

FIG. 8 is a flow chart illustrating an exemplary process for controlling a

transfer gate of the photosensor array depicted in FIG. 6.
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FIG. 9 is a timing diagram illustrating another embodiment for the control
signals depicted in FIG. 7 in which sample exposure periods and data out periods
overlap for one of the photosensor arrays controlled by the control signals.

FIG. 10 is a timing diagram illustrating another embodiment for the control
signals depicted in FIG. 7 for a situation when the scanner depicted in FIG. 5 is being
moved to a location where scanning is to commence.

FIG. 11 is a flow chart illustrating an exemplary process for controlling a
transfer gate of the photosensor array depicted in FIG. 6 for a situation when the
scanner depicted in FIG. 5 is being moved to a location where scanning is to

commence,

DETAILED DESCRIPTION

FIG. 1 depicts a conventional scanning system 1S5. The system 15 includes a
scanner 18 that scans a surface of an object (e.g., document, photograph, transparent
medium, etc.) in order to produce digital data that may be utilized to reproduce an
image of the scanned surface. Often, the digital data is transmitted to a host 21, such
as a computer, for example, that can further process the digital data and/or render thc
digital data.

The scanner 18 typically includes a photosensitive device 24, such as a charge-
coupled device (CCD), for example. The photosensitive device 24 may include a
plurality of photosensor arrays 27a-27c¢, as shown by FIGi. 1. Each of the photosensor
arrays 27a-27¢ of FIG. | measures light intensity from a scanline of the object being
scanned. Typically, the light received by cach of the photosensor arrays 27a-27¢ is
filtered such that each photosensor array 27a-27b recceives light in a different

frequency range. For example, it is common to definc pixel colors in terms of a
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plurality of different colors (e.g., red, green, and blue). Thus, the light received by the
photosensor arrays 27a-27¢ may be filtered such that each of the photosensor arrays
27a-27¢ only receives a different one of the foregoing colors of light.

As will be described in more detail hereafler, each of the photosensor arrays
27a-27¢ collects charges based on the intensity of light received by the photosensor
array 27a-27¢. The charges collected during an exposure period are then converted to
electrical signals, which are amplificd by an output amplificr 31. The output amplifier
31 transmits the electrical signals to an analog-to-digital (A/D) converter 35, which
interfaces the electrical signals with a scanner controller 38 after converting the
electrical signals into digital signals. The controller 38 may include memory for storing
the digital data received from the A/D converter 35 and may include circuitry for
processing the digital data in a desired manner. If desired, the controller 38 may
transmit the digital data to the host 21, which may render an 1image based on the digital
data received from the scanner 18.

FIG. 2 depicts a more detailed view of one of the photosensor arrays 27a-27c.
The array 27a-27¢ shown by FIG. 2 includes a plurality of photosensitive elements 41.
Each photosensitive element 41 collects charge for a different pixel based on the
intensity of light received by the photosensitive element 41.

A transfer gate 44, operating under the direction and control of the controller
38, controls the transfer of charges from the photosensitive elements 41 to a charge
transfer register 47, which includes a plurality of cells 49 for storing the charges
received from the photosensitive elements 41. Generally, during an exposure period,
the controller 38 disables the transfer gate 44. As used herein, a “disabled” transter

gate 44 prevents charges from transferring from the photosensitive elements 41 to the

6
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register 47, and an “enabled” transfer gate 44 allows charges to transfer from the
photosensitive elements 41 through the transfer gate 44 to the register 47.

Therefore, during an exposure period, none of the charges within the elements
41 transfer into the register 47, and charges accumulate in the photosensitive elements
41. At the end of the exposure period, the controller 38 enables the transfer gate 44,
usually for a short time, such as one clock cycle, allowing the charges in the
photosensitive elements 41 to transfer into the register 47. Once the charges are
shified into the register 47, the controller 38 disables the transfer gate 44 thereby
beginning the next exposure period.

During the charge transfer, each cell 49 receives charge from only one element
41. Moreover, during the operation of the scanner 18, all of the charges in any single
cell 49 at any given time define the same pixel or, in other words, were collected by the
same photosensitive element 41.

Afier the transfer gate 44 is disabled, beginning the next exposure period, the
register 47 begins to serially shift the charges out of the register 47 “bucket-brigade™
style. In this regard, for each shifi, each set of charges in a respective register cell 49 is
transferred to its adjacent cell 49 in a direction toward the output amplifier 31, and the
set of charges in the end cell 49 coupled to the output amplificr 31 is shifted out of the
register 47. The set of charges shified out of the register 47 during the shift is
converted to an electrical signal, which is amplified by the amplifier 31. Generally, for
each shifi, the electrical signal output by the amplifier 31 represents the intensity value
of the pixcl associated with the set of charges output from the register 47. After

PYSE L] e 9

completing an “n” number of shifts, where “n” represents the total number of cells 49,
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no more charge should remain within the register 47, provided that the transfer gate 44
remained disabled during each of the shifts.

Afler all sets of the charges are shifted out of the register 47, the transfer gate
44 is again enabled allowing the charge collected in the elements 41 during the
aforementioned register shifting to be transferred into the register 47. The process ol
collecting charge, transferring the collected charge into the register 47, and shifting the
transferred charge out of the register 47 is continually repeated during the scanning of
the object.

In some situations, it may be desirable to change the exposure periods
depending on the type of object being scanned. As an example, it is well-known that,
when scanning a photograph negative, it is typically desirable to have longer exposure
times for blue light samples. In such situations, it is also typically desirable for the
exposure times for green light samples to exceed the exposure times for red light
samples.

FIG. 3 depicts a timing diagram for the control signals applied to each of the
photosensor arrays 27a-27c¢ by the controller 38 when the arrays 27a-27¢ arc utilized
to scan blue, green, and red light, respectively, of a photograph negative. In this
example, the transfer gates 44 of the arrays 27a-27¢ are enabled in response to a
logical “high” control signal from the controller 38 and disabled in response to a
logical “low™ control signal from the controlier 38. Note that an “exposurc period”
generally refers to the amount of time between two successive transitions of a transfer
gate 44 from an enabled state to a disabled state. Thus, in FIG. 3, an exposure period
coincides with the time between two successive transitions to a logical “low.”

Note that the charges collected by the photosensor array 272 during exposure

period “a” are utilized to define a blue light sample. In this regard, the charges
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collected during exposure period “a” are transferred into the register 47 of the array
27a and then are shifted out of the register 47 during the next exposure period. Each
cell of charges shifted out of the register 47 is converted to an electrical value, which is
utilized to define a blue light sample for the pixel that corresponds to the
photosensitive clement 41 from which the cell of charges was collected.

Furthermore, the charges collected by the photosensor array 27b during
exposure period “b™ are utilized to define a green light sample. In this regard, the
charges collected during exposure time period “b™ are transferred into the register 47
of the array 27b and then are shifted out of the register 47 during the next “discard”
time period. Each cell of charges shifted out of the register 47 is converted to an
clectrical value, which is utilized to define a green light sample for the pixel that
corresponds to the photosensitive element 41 from which the cell of charges was
collected.

In addition, the charges collected by the photosensor array 27¢ during exposurc
period “¢™ are utilized to define a red light sample. In this regard, the charges
collected during exposure time period “c” are transferred into the register 47 of the
array 27¢ and then are shifted out of the register 47 during the next “discard” time
period. Each cell of charges shifted out of the register 47 is converted to an electrical
value, which is utilized to define a red light sample for the pixel that corresponds to the
photosensitive clement 41 from which the cell of charges was collected.

Thus, for cach sample defined by the photosensor arrays 27a-27¢, an exposure
period “a” for the blue color valuc is longer than an exposure period “b” for the green
color value. Furthermore, the exposure period “b™ for the green color value is longer

than an exposure period for the red color value “c.™”
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Charges collected during “discard” exposure periods are discarded and,
therefore, do not affect the samples taken by any of the photosensor arrays 27a-27c¢.
In this regard, the charges collected during a discard exposure period are transferred
into the register 47 and then shifted out of the register 47 during the next exposure
period. These charges are then discarded. Note that there are a variety of
methodologies that may be employed to discard a cell of charges. For example, a cell
of charges to be discarded may be shifted out of the register 47 and converted to an
electrical value which is discarded by the controlier 38. In another example, the
controller 38 may control (e.g., reset) an output amplifier 31 as it is receiving a cell of
charges to be discarded such that the amplifier 31 fails to generate an electrical value
that is based on the cell of charges to be discarded. Various other techniques may be
employed to discard the cells of charges collected during discard exposure periods.

Note that exposure periods for collecting charges actually utilized to define a
color value sample, such as exposure periods “a,” “b,” and “c,” for example, are
referred to herein as “sample exposure periods.” Unlike the values derived from
charges collected dunng discard exposure periods, the values derived from charges
collected during sample exposure periods are not discarded. Furthermore, the lengths
of exposure periods “a,” “b,” and “c” may vary from the different drawings herein.

In addition, the length of the discard periods for an array 27a-27c¢ is typically
sclected to equal or exceed the amount of time utilized to shift a set of charges through
cach cell 49 of the array’s register 47. Therefore, upon completion of a discard period,
no charge should remain in the register 47. If the length of the discard penod is less
than the amount of time utilized to shifl a set of charges through each cell 49, then
charge from the discard period may remain in the register 47 when the next exposure

period occurs. In such a situation, the data derived from the charges collected in the
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next exposure period may be corrupted since charges from the previous discard period
may be mixed with the charges.

Furthermore, to ensure synchronization between the arrays 27a-27¢ and, more
specifically, to ensure that one sample exposure period for any one of the arrays 27a-
27¢ occurs for each samplc exposure period of any of the other arrays 27a-27c¢, the
lengths of the sample exposure periods are normally selected such that each longer
sample exposure period is an integer multiple of the shorter sample exposure period.
As an example, in FIG. 3, the length of the sample exposure period “a” is twice as long
as the length of the sample exposure period “b” and four times as long as the sample
cxposure period “c.” Furthermore, the length of the sample exposure period “b™ is
twice as long as the sample exposure period “c.”

With the aforementioned constraints typically placed on the timing of the
impulses shown by FIG. 3, it is not always possible for a desired length of a particular
sample exposure period to be achieved. Moreover, in some instances, it may be
desirable for a shorter sample exposure period to be a magnitude different than an
integer multiple of a longer sample exposure period. For example, it may be desirable
to change the sample exposure period “b” such that the longer sample exposure period
“a” is 2.2 times greater than the sample cxposure period “b.”

Such an exposure period “b” could be achieved, without violating the
aforementioned timing constraints, if the charges collected during a first portion of the
sample exposure period “b” for array 27b could be separated from the charges
collected during the remaining portion of the exposure period “b.” However, the
photosensor arrays 27a-27¢ shown by FIG. 2 include no such mechanism for
separating the charges collected during a particular exposure period “a,” “b,” or “c.”

Therefore, users of the photosensor arrays 27a-27¢ usually accept the fact that the
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arrays 27a-27¢ will only be able to adjust the sample exposure periods such that the
shorter sample exposure periods are integer multiples of the longer exposure periods.

In some situations, it may be desirable to scan only a portion of an object. As
the scanner 15 moves across the surface of the object, the signals received from the
A/D converter 35 can be discarded by the controller 38 until the scanner 15 reaches the
object portion that is to be scanned. Once this occurs, the controller 38 begins to
retain and/or process the digital data received from the A/D converter 35. However, if
the scanner 15 reaches the foregoing document portion in the middle of a samplc
exposure period “a,” “b,” or “c,” then it is usually desirable to pause the movement of
the scanncr 15 and allow the current sample exposure period to expire. After the
current sample exposure period expires, the scanner 18 may begin scanning.

Moreover, if such a pausc does not occur, then the first sample captured by the
scanner 18 may be corrupted. In this regard, charges collected prior to arriving at the
portion to be scanned may corrupt charges collected after reaching the foregoing
portion. By pausing the scanner 18, charges collected prior to arriving at the portion
to be scanned can be emptied from the photosensitive clements 41 and the registers 47
before the first samplc occurs, thereby ensuring that the first sample is not corrupted.
However, pausing the motion of the scanner 18 when the scanner 18 reaches the
portion to be scanned disrupts the motion of the scanner 18, and it would be desirable
if the scanner 18 could begin to scan “on the fly” or, in other words, without pausing.

To alleviate some of the problems described above, an electronic shutter 52 has
been added to some conventional scanners 18, as shown by FIG. 4. When enabled, the
electronic shutter 52 conductively couples each photosensitive clement 41 to ground,

and when disabled. the shutter 52 conductively isolates each photosensitive element 41
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from ground. Therefore, when the electronic shutter 52 is enabled, any charge within
the photosensitive elements 41 flows out of the elements 41 to ground. However,
when the electronic shutter 52 is disabled, any charge collected in the photosensitive
clements 41 remains in the photosensitive clements 41, assuming that the transfer gate
44 is also disabled. Consequently, the shutter 52 may be utilized to separate charge
collected during one portion of an exposure period from charge collected during
another portion of the same cxposure period.

As an cxample, assume that it is desirable for the sample exposure period “a”
for array 27a to be 2.2 times the length of exposure period “b™ for a sample of array
27b. The foregoing can be achieved by enabling the shutter 52 for a portion (e.g.,
between points A and B of FIG. 3) of the sample exposure period “b.” When the
shutter 52 is enabled, the charge collected in the photosensitive elements 41 of array
27b are grounded. Therefore, the sample for array 27b is based on charges collected
between point B and the end of the sample exposure “b.” The duration that the shutter
52 is enabled from point A to point B is selected such that the length of sample
exposure period “a” is 2.2 times the length from point B to the end of the sample
exposure period “b.”  As a result, the desired exposure length for the sample of array
27b is achieved. Note that, in the foregoing example, utilization of the shutter 52
effectively separates the charges collected between points A and B by array 27b from
the charges collccted by array 27b during the remainder of the sample exposure period
“h”

The shutter 52 also may be utilized to enable the scanner 18 to begin scanning
“on the fly.” In this regard, the controller 38 may enable the shutter 52 until the
scanner 18 arrives at the point where scanning should commence. Upon arriving at

such a point, referred to hereafier as "the scanning commencement point,” the

13



controller 38 disables the shutter 52. Thercfore, if the scanner 18 arrives at the
scanning commencement point in the middle of sample exposure period “a,” “b,” or
“c,” 1t 15 not necessary for the scanner's movement to pause. In this regard, any
charges collected prior to arriving at the scanning commencement point are grounded.
Therefore, only charges collected after the scanner 18 arrives at the scanning
commencement point are allowed to transfer out of the photosensitive elements 41 and
into the register 47.

[0049] Unfortunately, the inclusion of the shutter 52 can significantly increase the size
of the photosensitive device 24 and the cost of manufacturing the photosensitive
device 24. Therefore, it would be desirable to achieve results similar to those enabled
by the shutter 52 without actually implementing the shutter 52 within the device 24.

[0050] The present invention generally pertains to a system and method for controlling
charge transfers for photosensor arrays. A system in accordance with a preferrcd
embodiment of the present invention enables the realization of benefits similar to the
ones enabled by the aforedescribed shutter 52. However, to achieve such benefits in
the preferred embodiment, it is not necessary to employ such a shutter 52, thereby
helping to reduce the size and/or cost of the scanning system of the preferred
embodiment. Indeed, in the preferred embodiment, the foregoing benefits can be
achieved without significantly adding additional structure to conventional CCD
designs.

[0051] FIG. 5 depicts a scanning system 100 in accordance with the preferred
embodiment of the present invention.  As can be seen by comparing FIG. 5 to FIG. 1,

the design of the scanning system 100 may be identical 1o the design of conventional

scanning system 15 except that a scanner 105 of the system 100 is controlled by a
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scanner controller 110 in accordance with the preferred embodiment, which will be
described in more detail hereafier.

Referring to FIG. 6, the controller 110 preferably controls the transfer gates 44
of the photosensor arrays 27a-27¢ such that sample exposure periods of any desired
length are obtainable. The foregoing can be generally achieved by: (1) enabling the
transfer gate 44 during time periods outside of sample cxposure periods and data out
periods and discarding data derived from charges collected during such outside time
periods; (2) disabling the transfer gate 44 during the data out periods; and (3) retaining
and/or further processing data derived from the charges collected during the sample
exposure periods. Note that a “data out period” for a photosensor array 27a-27b
refers to a time period when charges collected during a previous sample exposure
period are being shifted out of the array’s register 47. Moreover, in a preferred
embodiment, the transfer gates 44 can be controlled such that the length of a sample
exposure period for an array 27a-27c¢ can precisely coincide with any desired sample
exposure length.

As an example, assume that it is desirable for the photosensor arrays 27a-27b
to have sample exposure periods “a,” *b,” and “c” seconds, respectively, where the
lengths of exposure periods “a,” “b,” and “c” arc not necessarily integer multiples of
cach other. A suitable timing diagram for the control signal applied to each of the
photosensor arrays 27a-27c¢ by the controller 110 is shown in FIG. 7. In the example
shown by FIG. 7, assume that the transfer gates 44 of the arrays 27a-27b are cnabled
in response to a logical “high” control signal from the controller 110 and disabled in
response to a logical “low™ control signal from controller 110.

As shown by FIG. 7, the sample exposure period “a” of photosensor array 27a

is longer than the sample exposure period “b” of photosensor array 27h, and the
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sample exposure period “b” of photosensor array 27b is longer than the sample
exposure period “c” of photosensor array 27¢. Such an example may be desirable
when photosensor arrays 27a-27¢ are designed to detect blue, green, and red light,
respectively, while scanning a transparent medium, such as a photograph negative.

In the foregoing example, each of the registers 47 in the arrays 27a-27¢ has the
same data out time periods, in terms of both period length and phase. It should be noted
that it is not necessary, in other embodiments, for each of the registers 47 in the arrays 27a-
27¢ to have the same data out time periods. However, in the preferred embodiment, the
arrays 27a-27c¢ take the same number of samples over time (i.e., the arrays 27a-27¢ have
the same sampling rate). Thus, the data out time periods, which immediately follow sample
exposure periods, preferably occur at the same frequency.

Referring to FIG. 7, assume that point A represents a time when each of the
registers 47 in the arrays 27a-27b have just completed shifting out the last remaining
charges collected during a previous sample exposure period. Note that, to prevent
corruption of the data derived from such charges, the controller 110 preferably ensures that
the transfer gate 44 of cach array 27a-27¢ remains disabled while such charges are being
shifted out of the register 47. This may be accomplished by transmitting a logical “low”
control signal to the transfer gate 44 prior to point A, as shown by FIG. 7.

A detailed discussion of the timing diagram associated with photosensor array 27a
will now be made with reference to FIGS. 6-8. As shown by blocks 112 and 115 of FIG.
8, once the initial data period expires (i.e., after point A), the controlier 110 preferably
cnables the transfer gate 44 of the array 27a, provided that the amount of time (“tguaen’’) 1O
the next data out period is greater than the duration (“Dy”) of the array’s samiple

w, 1

exposure period “a.” In other words, referring to FIG. 7, the controller 110 preferably
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enables the transfer gate 44 of the array 27a provided that the time to point B is greater
than duration of sample exposure period “a” of the array 27a.

In the example shown by FIG. 7, the time from point A to point B is indeed greater
than the duration of the sample exposure period “a” of the array 27a, and the controller
110, therefore, enables the transfer gate 44 of the array 27a at point A. In the preferred
embodiment, the transfer gate 44 is enabled by transitioning, 1o a logical “high,” the control
signal being transmitted to the transfer gate 44 by the controller 110.

While the transfer gate 44 remains enabled after point A, any charges produced by
the photosensitive elements 41 are immediately transferred to the register 47, which
continuously shifts the charges out of the register 47. Such charges are then discarded.
Any known of future-developed technique for discarding charges may be employed. For
example, the controller 110 may discard the electrical signals that are transmitted by the
output amplifier 31 and that are based on the charges transferred to the register 47 between
consecutive sample exposure periods. Alternatively, the controller 110 may control (e.g..,
reset) the output amplifier 31 of array 27a such that the amplifier 31 does not convert such
charges to electrical signals. Keeping the transfer gate 44 cnabled for a substantial portion
of a time period between a data out period and the next sample exposure period helps to
prevent saturation and charge corruption regardless of when the next sample exposure
period occurs,

In FIG. 8, once a “no” determination is made in block 112, the controller 110, in
block 118, disables the transfer gate 44 thereby beginning the sample exposure period “a.”
In the preferred embodiment, the transfer gate 44 is disabled by transitioning, to a logical
“low,” the control signal being transmitted to the transfer gate 44. During the sample

exposure period “a,” charges are collected in the photosensitive elements 41. At the end of
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the sample exposure period “a,” the collected charges are transferred to the register 47 by
briefly enabling the transfer gate 44, as shown by blocks 121 and 124 of FIG. 8. In this
regard, when the amount of time to the data out period falls below a threshold, referred to
as a “transfer threshold,” the controller 110 enables the transfer gate 44, via block 124, until
the sample exposure period “a” expires. The amount of time that the transfer gate 44
remains cnabled is preferably sufficient for allowing all of the charge collected prior to the
enabling of the gate in block 124 to transfer to the register 47. Note that the cnabling of the
gate 44 in block 124 is preferably accomplished by transitioning, to a logical “*high,” the
control signal being transmitted to the transfer gatc 44.

Once the sample exposure period “a™ expires (i.¢., at point B), the controller 110
disables the transfer gate 44 in order to prevent corruption of the charges now residing in
the register 47, as shown by blocks 127 and 131 of FIG. 8. This disabling of the transfer
gate 44 marks the beginning of a data out period, and the controller 110 preferably keeps
the transfer gate 44 disabled during the remainder of the data out period, as shown by block
134 of FIG. 8. In the preferred embodiment, the foregoing is accomplished (1) by
transitioning the transfer gate’s control signal to a logical “low” at the expiration of the
sample exposure period and (2) by keeping the transfers gate’s control signal in a logical
“low” state until expiration of the data out period.

Durning the data out period, the charges within the register 47 (i.¢., the charges
collected during the sample exposure period *“a™) are senially shifted out of the register 47
and converted into electrical signals via conventional techniques. These electrical signals
are amplified by the output amplifier 31 and received by the controller 110, which retains
and/or processes such signals as a sample of pixel color values. The controller 110 may

further process the pixel color values, including rendering the pixel color values or
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providing the pixel color values to the host 21. Upon completion of the data out period,
the transfer gate 44 may be enabled, and the process shown by FIG. 7 is preferably repeated
for the next sample of pixel color values, if there is morc surface to be scanned, as shown
by block 137.

In the preferred embodiment, the controller 110 is configured to control the transfer
gates 44 of the other photosensor arrays 27b and 27¢ according to the same techniques.
However, due to the different lengths of sample exposure periods “b™ and “c,” as compared
to sample exposure period “a,” block 118 will be performed at different times for the
different arrays 27a-27c. In this regard, the enabling of the transfer gates 44 (i.e., the
transitioning of the transfer gates” control signals) for the arrays 27a-27¢ between points A
and B preferably occur according to the timing diagram shown in FIG. 7.

Note that the lengths of any of the sample exposure periods *“a,” *‘b,” or *¢” can be
shortened or lengthened as desired in other embodiments. Furthermore, a user of the
system 100 may change the duration of any of the sample exposure periods “a,” *“b,” or “c,”
as desired. In this regard, the system 100 may include a user interface 135 (FIG. 5), such as
a keypad, for example, for enabling the user to provide the system 100 with inputs. The
user may utilize the user interface 135 to request a particular sampling rate and/or to
request a particular duration for the sample exposure period of one or more of the
photosensor arrays 27a-27c.

Afler receiving a user request to change the sampling rate or a duration of a sample
exposure period, the amount of time between occurrences of data out periods (and/or
sample exposure periods) can be set according the desired sampling rate. In this regard,
the data out periods and the sample exposure periods are preferably separated in time such
that the frequency of the data out periods and the sample exposure periods corresponds to

or matches the desired sampling rate. Moreover, based on the user’s mputs, the controller
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110 determines when (e.g., how far apart) the sample exposure periods and/or the data out
periods are to occur. The controllcr 110 then preferably controls the transfer gates 44 of
the arrays 27a-27¢ such that the transfer gate 44 of an array 27a-27¢ remains enabled
except during the array’s sample exposure periods and data out periods. Furthermore, the
controller 110 preferably discards any values derived from charges collected during time
periods outside of the sample exposure periods. Note that the algorithm shown by FIG. 8
may be employed by the controller 110 to achicve the foregoing results. However, it
should be noted that other algorithms may be employed to implement the functionality of a
preferred embodiment or other embodiments of the present invention.

Furthermore, it should also be noted that it is not necessary for the controller 110
to actually make the decisions shown in FIG. 8 during operation. In this regard, it is
possible for a programmer or a technician to first determine how far apart the transitions of
the control signals should be in order to achieve the results shown by FIG. 7 and then to
program the controller 110 accordingly.

It is further possible to enable higher sampling rates (i.¢., the number of sample
exposure periods that occur over time) for a photosensor array 27a-27¢ by overlapping
sample exposure periods and data out periods. For example, FIG. 9 depicts a timing
diagram in which the sample exposure periods “a” and data out periods begin at the same
time for photosensor array 27a, which has the longest sample exposure period.

Referring 1o FIG. 9, point B marks the end of an carlier sample exposure period for
cach of the arrays 27a-27¢. According to the techniques described above, the controller
110 of the array 27a, at point A, bricily enables the array’s transfer gate 44, in block 124, in
order to transfer, to the register 47, the charges collected in the previous sample exposure

pertod. Upon expiration of the previous exposure period, the controller 110 disables the
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transfer gate 44 in block 131, thereby beginning a data out period in which the
aforementioned charges are shifted out of the register 47.

However, in the example shown by FIG. 9, point B marks not only the beginning of
a data out period for the array 27a, but it also marks the beginning of the next sample
exposure period “a.”” Therefore, block 115 is not performed for the array 27a. In other
words, upon leaving block 137, a “no” determination is made in block 112, and block 118
is immediately implemented. As a result, the charges collected during the data out period
form at least a part of the overall charges collected for the next sample exposure period “a.”
Therefore, unlike the example shown by FIG. 7, the charges collected during the data out
periods for array 27a are not discarded by the controller 110 but are instead utilized to
define the next sample.

Note that it is generally desirable for the lengths of the sample exposure periods
“a,” *“b,” and “¢” to be sufficiently long to prevent corruption of the charges being shifted
by the register 47 during the data out periods. In this regard, if a sample exposure period
for one of the amrays 27a-27¢ is shorter than the array’s data out period, then, depending on
the timing and lengths of data out periods and sample exposure periods, charges from a
current sample exposure period may be transferred into the register 47 as charges from the
previous sample exposure period are being shifted out of the register 47, thereby
undesirably mixing charges from the two exposure periods. This may be prevented by
ensuring that the sample exposure period is sufficiently long such that the enabling of the
transfer gate 44 for transferring the charges of a current sample exposure period does not
occur until the data out period for shifling the charges of the previous sample exposure
period has expired. However, other techniques for preventing corruption of charges from

sample exposure peniods are also possible in other embodiments.
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FIG. 10 depicts a timing diagram for the photosensor arrays 27a-27¢ when the
scanner 105 is being moved to a location, referred to herein as "the commencement
location,” wherce scanning 1s to commence. In this regard, assume that the scanner 105
arrives at the commencement location at point A in the diagram shown by FIG. 10. As
shown by FIG. 10 and by blocks 145 and 151 of FIG. 11, the transfer gates 44 of the arrays
27a-27c¢ are preferably enabled prior to the scanner 105 arriving at the commencement
location. Thus, any charges produced by the photosensitive elements 41 prior to point A
are preferably transferred to the register 47, which continuously shifts such charges out of
the register 47. Each set of such charges shifted out of the register 47 is preferably
discarded by the controller 110.

Upon arriving at the commencement location (i.e., at point A in FIG. 10), the
controller 110 begins to control the transfer gates 44 according to the same process shown
by FIG. 8, as can be seen by comparing FIG. 11 to FIG. 8. Thus, after amiving at the
commencement location and beginning a sample exposure period, the controller 110 begins
performing according to the same techniques described above for the preferred
embodiment.

Note that there is no need for the scanner 105 to pause upon arriving at the
commencement location. In this regard, since the transfer gates 44 remain enabled prior to
the scanner 105 amiving at the commencement location, there are no additional charges
residing in the photosensitive clements 41 when the scanner 105 arives at the
commencement location. Thus, any charges collected after arriving at the commencement
location (i.e., after pomt A of FIG. 10) are indicative of the object portion that is to be
scanned.

Furthermore, 1f a data out period occurs before the charges collected prior to point

A have shifted out of the register 47, then data corruption may occur. Thus, it may be
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desirable to control the timing or phase of the exposure periods and data out periods such
that point A (i.c., the time that the scanner 105 arrives at the commencement location) and
each subsequent data out period is separated by at least a sufficient amount of time for all of
the charges residing in the register 47 at point A to shift out of the register 47.

[0075) By implementing the techniques described above for the various embodiments of
the present invention, it is possible to realize various benefits, including benefits similar to
the ones enabled by the shutter 52 of FIG. 4. In particular, the sample exposure periods
can be adjusted to any desired length and can be initiated at any desirable time. Therefore,
more suitable sample exposure periods can be achieved, and a scanner 10S in accordance

with the preferred embodiment of the present invention can begin to scan “on the fly.”
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CLAIMS

1. A photosensitive system (100), comprising:

an array of photosensitive elements (41);

a transfer gate (44) coupled to the photosensitive elements (41);

a charge transfer register (47) coupled to the transfer gate (44), the charge
transfer register (47) configured to receive charges from the array of photosensitive
elements (41), via the transfer gate (44), and to shifi the charges out of the charge
transfer register (47); and

a controller (110) configured to control the transfer gate (44) such that charges
are collected in each of the photosensitive elements (41) and transferred, via the
transfer gate (44), to the charge transfer register (47), the controller (1 10) further
configured to keep the transfer gate (44) closed during a time period when the charge
transfer register (47) is shifting a set of charges previously transferred from the array

of photosensitive elements (41) to the charge transfer register (47).

2. The system (100) of claim I, wherein the controller (110) is configured
to define pixel color values based on charges collected by the photosensitive clements
(41) and transferred to the charge transfer register (47) during sample exposure
periods, wherein the time period is between consecutive sample exposure periods, and
wherein the controller (110) is further configured to discard values based on the set of

charges shifted by the charge transfer register (47) during the time period.



3. The system (100) of claim 1, wherein the controller (110) is configured
to keep the transfer gate (44) closed until the photosensitive system (100) arrives at a
location that is to be scanned via the photosensitive system (100), wherein the time
period is prior to the system (100) arriving at the location, and wherein the controller
(110) is further configured to discard values based on the set of charges shifted by the

charge transfer register (47) during the time period.

4. The system (100) of claim I, whercein the controller (110) is configured
to keep the transfer gate (44) closed for an entire duration of the time period, and
wherein the charge transfer register (47) performs multiple shifts of the set of charges

during the time period.
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5. A method for controlling charge transfers for photosensitive arrays,
comprising the steps of:

collecting a first set of charges within an array of photosensitive elements (41)
and transferring the first set of charges to a charge transfer register (47);

transferring a second set of charges from the photosensitive elements (41) to a
charge transfer register (47);

shifting the first set of charges out of the charge transfer register (47);

shifting the second set of charges out of the charge transfer register (47);

preventing charges collected in the photosensitive elements (41) from
transferring to the charge transfer register (47) while the first set of charges remains in
the charge transfer register (47); and

enabling charges to transfer from the photosensitive elements (41) to the

charge transfer register (47) during the shifting the second set of charges step.

6. The method of claim5, further comprising the steps of:

defining a sample of pixel color values based on the first set of charges; and

discarding values based on the second set of charges.

26



[{]

7. The method of claim 5, further comprising the steps of:

moving the photosensitive elements (41) to a location to be scanned by the
photosensitive clements (41); and

discarding values based on charges transferred from the photosensitive
clements (41) to the charge transfer register (47) prior to an arrival of the
photosensitive clements (41) at the location to be scanned by the photosensitive
clements (41),

wherein the enabling step is continuously performed until the photosensitive

clements (41) arrive at the location to be scanned by the photosensitive elements (41).
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