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(57) Abstract

A novel method and apparatus capable of extending the intra—scene dynamic range of Time Delay and Integrate Charge—Coupled
Device imagers. Charge which is collected and accumulated over a plurality of photosensitive devices is limited by adjusting the barriers
levels of stages 101-105, 106-107, or 108 at which collected accumulated charge is removed from the photosensitive devices (Fig. 4).
By limiting the amount of accumulated charge that is collected, images of high intensity are prevented from overflowing or saturating the
photosensitive devices. Thus, information that is included in the brighter levels of the image is not lost because of clipping the photosensitive
device to prevent saturation. Blooming barrier levels can be adjusted in a step—wise linear manner to retain a known amount of charge
during the initial collection phase while retaining progressively greater amounts of charge as the collection phase proceeds.




AL
AM
AT
AU

BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU

DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LY
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Meayritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
TJ
™
TR
TT
UA
UG
us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

WO 00/57633 PCT/US00/07523

METHOD AND APPARATUS TO EXTEND DYNAMIC RANGE OF

TIME DELAY AND INTEGRATE CHARGE COUPLED DEVICES

CROSS REFERENCE TO RELATED APPLICATIONS

This application relates to Provisional Application Serial Number 60/125,670,
entitled, “TIME DELAY AND INTEGRATE CCD WITH EXTENDED DYNAMIC
RANGE?” filed on March 22, 1999, which is assigned to the same assignee and is
incorporated by reference herein. Applicant claims the benefit of the priority filing date

of March 22, 1999 pursuant 35 U.S.C. § 119(e)(1).

FIELD OF THE INVENTION
The present invention is related to the field of imaging devices. More

specifically, to extending the dynamic range of Time Delay and Integrate (TDI) imagers.

BACKGROUND OF THE INVENTION

Typical single line imagers, for example, Charge Coupled Device (CCD) imagers,
incorporate a single row of photosensitive electrical devices, such as photo-detectors, to
collect photonic charge. A photo-detector converts the collected photonic charge into an
electrical charge that is related to the amount of photonic charge collected. In moving
target imaging the detector integration time is limited by the allowable time the target
image moves past the imaging device or scanner. Consequently, as the target image

velocity across the imager increases, the allowable time to collect photonic charge
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decreases. A Time Delay & Integration (TDI) method of operating CCD imagers
incorporates multiple single row CCD scanners in an imaging array. Each row in the
array collects image data for a finite period of time as the target image and the imager
move relative to each other. Typically, the collected charge moves from one row to the
next at the same speed as the target image moves across the imager to prevent blurring.
TCI-CCD scanners offer an advantage over single line scanners in that TDI-CCD devices
provide for longer times to collect and integrate photonic charge from the target image.
The longer collection time also increases the sensitivity of the imager.

However, when TDI-CCD devices are used to collect highly intense images, the
longer integration time may cause the accumulated charge to exceed the capability of the
photosensitive devices. To prevent the excess charge from influencing adjacent
photosensitive devices, the excess charge is generally drained away. This draining causes
details of an image to be lost. One method of avoiding this loss of detail is to increase the
level that is deemed excessive charge — i.e., increase the threshold beyond which charge
drainage begins. This method, however, has the disadvantage that the maximum
threshold drainage level is set by the saturation level of the photosensitive device. In this
case, information is lost not because of draining of the excessive charge, but rather from
the inability of the cells to collect any additional charge. Another method to avoid excess
charge-accumulation problems is to reduce the amount of time that is used in collecting
an image. This method, however, has the disadvantage of reducing sensitivity of the

imaging device. Thus, dark images remain relatively dark. Hence, there is a need to
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extend the dynamic range of TDI-CCD devices that allows for the collection of sufficient

image data to view dark images while not losing data from relatively bright images.

SUMMARY OF THE INVENTION

In accordance with the principles of the invention, a method is disclosed that
increases the intra-scene dynamic range of a TDI-CCD device by selectively limiting the
amount of charge collected in each stage by selectively setting blooming barrier levels.
By selectively setting barrier levels, the maximum accumulated charge collected in each
cell is incrementally increased as the charge is passed from one cell to a subsequent cell.
In one embodiment, the level of the barrier is set in a step-wise increasing manner that
limits the amount of charge collected in each stage while allowing for the accumulation
of progressively greater amounts of collected charge in subsequent cells. In this
embodiment, a step-wise increase in the barrier levels changes the reference level at
which charge is accumulated in a cell. These changes in the reference level shift the
imaging device response characteristic to cause a compression of the accumulated
photonic charge for highly intense images while the response to lower intensity images is

not substantially affected.
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BRIEF DESCRIPTION OF THE DRAWINGS

The advantages, nature and various additional features of the invention will
appear more fully upon consideration of the illustrative embodiments to be described in
detail in connection with the accompanying drawings. In the drawings:

5 Figure 1 illustrates a schematic diagram of an exemplary TDI-CCD device;

Figure 2 depicts a cross-sectional view of a pixel cell and barrier of a CCD
structure;

Figure 3 illustrates typical response characteristic of a TDI-CCD device;

Figure 4 illustrates a schematic diagram of a TDI-CCD device in accordance with

10 the principles of the invention;

Figure 5 illustrates a response characteristic of a TDI-CCD device illustrated in
Figure 4 in accordance with the principles of the invention;

Figure 6a illustrates one exemplary embodiment of limiting charge capacity in
accordance with the principles of the invention;

15 Figure 6b illustrates a second exemplary embodiment of limiting charge capacity
in accordance with the principles of the invention;

Figure 7a illustrates a third exemplary embodiment of limiting charge capacity in
accordance with the principles of the invention;

Figure 7b illustrates a fourth exemplary embodiment of limiting charge capacity

20  in accordance with the principles of the invention;
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Figure 8 illustrates‘ an exemplary response characteristic of a TDI-CCD device in
accordance with a second embodiment of the invention;

Figure 9 illustrates an exemplary response characteristic of a TDI-CCD device in
accordance with another embodiment of the invention;

5 Figure 10a illustrates a cross-sectional view of an exemplary embodiment of a
back-illuminated TDI-CCD device having a response characteristic as illustrated in
Figure §;

Figure 10b illustrates a cross-sectional view of a second exemplary embodiment
of a back-illuminated TDI-CCD device having a response characteristic as illustrated in
10  Figure 8; and
Figure 10c illustrates a cross-sectional view of an exemplary embodiment of a
top-illuminated TDI-CCD device having a response characteristic as illustrated in Figure
8.
It is to be understood that these drawings are for purposes of illustrating the

15  inventive concepts of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As would be understood the principles of the invention disclosed are related to
TDI-CCD array imagers. However, the principles of the invention may also be applied to

20  other solid-state TDI imaging devices, for example, CMOS TDI-APS devices.
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Figure 1 illustrates an exemplary schematic diagram of an 8-stage TDI-CCD
device 100. Only four photosensitive devices (pixel cells) 115, among a plurality of cells
in each stage are shown to describe the operation of the TDI-CCD device. In operation,
the photonic charge from a target image is collected beginning in pixel cells 115
associated with the first stage -- i.e., stage 101. As the target image or imager moves, the
image moves past the pixel cells in a next stage (102). The cells in this stage then collect
photonic charge from the target image. In addition, the charge collected in previous cells
is added to the charge collected in the currently-imaging cell. Thus, the charge collected
in pixel cell 115 associated with stage 101, for example, is added or transferred to pixel
cell 115 associated with stage 102, as the image moves past stage 102. Similarly, the
accumulated charge in pixel cell 115 associated with stage 102 is added to the charge
collected in pixel cell 115 associated with stage 103, as the image moves past stage 103.
This transferring of accumulated photonic charge from a cell in one stageto acell ina
subsequent stage continues, one stage at a time, until an end stage is reached -- in this
case, stage 108. The photonic charge collected for the image is accumulated and
integrated over the depth of the TDI-CCD device, -- i.e., stages 101-108. At stage 110
the accumulated charge is read out from the TDI-CCD device.

In transferring the collected charge for each pixel cell 115 to a subsequent pixel
cell 115, the charge is transferred along a channel of pixel cells 115, known as a transfer
channel, illustrated for one channel of pixel cells as 120. When the energy collected in

one cell 115 exceeds the maximum capability of the cell, the excess energy would
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normally overflow the cell' and “spread” into an adjacent cell. To prevent the
accumulated charge in the cells of one transfer channel from influencing the accumulated
charge in cells in an adjacent channel, such as transfer channel 121, channels are isolated
from one another by blooming drains 125 and barriers 130. The level at which
accumulated charge is deemed excessive is determined by barrier 130 that exists
between, for example, transfer channel 120 and drain 125. The greater the level, or
potential, of barrier 130, the greater the amount of accumulated charge that may be
collected in each cell 115. Generally, the levels of barrier 130 are set to achieve the
maximum accumulation of charge — i.e., saturation level -- in a pixel cell. As illustrated,
barrier 130 is positioned horizontally adjacent to channel 120 and 121. As would be
known in the art, barrier 130 may also be positioned vertically adjacent to channels 120
and 121 to limit the charge capacity of pixel cell 115.

Figure 2 illustrates the operation of barrier 130 in controlling excessive charge.
As shown, pixel cell 115 fills to a value that is set by barrier 130. When the accumulated
charge exceeds the level of barrier 130, the excess, as represented by charge 140, is
directed into drain 125. In this illustrative example, when the maximum charge is
achieved, any further charge that may be collected is simply discarded. The maximum
level of barrier 130 thus limits the accumulated charge.

Figure 3 illustrates an exemplary performance characteristic of TDI-CCD device
of Figure 1 for three images of different brightness levels. In the first example, the

charge collected by the imager is represented by response characteristic 400. In this
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example, each pixel cell 115 in a stage adds a substantially similar amount of charge to
pixel cell 115 in the next subsequent stage as the imager and target image move past each
other. The accumulated charge collected increases proportionally to the number of stages
in the imager. For this first exemplary image, the total amount of charge collected after
the eight stages remains below the barrier level 465 set by barrier 130. In a second
example, wherein the image is brighter than the first image, the charge collected is
represented by response characteristic 420. In this example, more charge is collected in
each pixel cell 115 (relative to that collected for response characteristic 400) as the target
image and imager move past one another. The accumulated energy collected would
normally continue along dashed line portion 425 of response characteristic 420 until the
accumulated charge is read out at stage 110. However, when the collected charge
exceeds barrier level 465 (as héppens in this example near the end of the sixth CCD
stage), the excess charge is drained into drain 125. The accumulated charge thus remains
limited, or clipped, at the barrier level 465, as represented by résponse characteristic 430.
Any image detail that may be captured in the dashed line portion of response
characteristic 420 is not processed and is therefore lost.

As a third example, the charge of an even brighter image is collected. The
response to this brighter image is represented by response characteristic 440. In this
example the brightness of the image causes the accumulated charge to exceed the
maximum level set by barrier 130 (at level 465) after scanning of the image by only about

two of the CCD stages. Were the accumulated charge permitted to accumulate through
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continuing CCD stages, that charge would be represented by the dashed line portion 445
of response characteristic 440, but the charge is limited by barrier level 465. Barrier level
465 thus limits the response characteristic of the imager. Charge above barrier level 465
is simply discarded into drain 125 and the accumulated charge for this third exemplary
image thus remains limited at level 465 as represented by response characteristic 460.

Figure 4 illustrates an 8-stage TDI-CCD in accordance with the principles of the
invention. As is illustrated, barrier 130 is selectively set in accordance with the capacity
charge curve 510. Accordingly, the amount of charge accumulated and retained in each
stage is incremental increased. In the exemplary embodiment, barrier 130 is set to limit
the accumulated charge to twenty-five per cent (0.25) of maximum barrier level 465 in
stages 101-105 of the imager, and fifty percent of that level for stages 106 and 107. At
stage 108, the level of barrier 130 is set to the maximum barrier level 465. The
maximum barrier level may be set independently of the maximum capacity of pixel cell
115, but is typically set substantially equal to the maximum capacity of the pixel cell.

In this illustrated example, barrier 130 is selectively set in an step-wise pattern
that limits the amount of data collected in the early stages of collection while allowing for
incrementally greater amounts of charge in latter stages. Thus, stages 101-105
accumulate 25 percent of the charge that could be collected. Stages 106 and 107
accumulate 50 percent of the charge that could be collected, and stage 108 allows for the

accumulation of a maximum amount of charge. With the illustrated configuration, the
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maximum amount of cha_rge may be collected without causing a saturation of pixel cell
115.

Figure 5 illustrates the response characteristics of a TDI-CCD device having
barrier characteristics selectively set in accordance with the exemplary characteristics
illustrated in Figure 4 for the three exemplary images discussed in regard to Figure 3.
With regard to the first exemplary image (least bright), the charge collected is represented
by response characteristic 600. Response characteristic 600 is similar to the response
characteristic 400 of Figure 3, as the accumulated charge does not exceed the selectively
set barrier levels of stages 101-105, 106-107 or 108. Accordingly, the response
characteristic is not altered and the accumulated charge is not limited.

With regard to the second exemplary image, the accumulated charge, as
represented by response characteristic 610, is shown to exceed the first barrier level while
charge is collected in stage 102. That is, the accumulation of the charge collected in
stage 101 and the charge being collected in stage 102 exceeds the barrier level selectively
set for stages 101 through 105. Any additional charge collected in stages 103 through
105 would, accordingly, cause the accumulated charge to exceed the level of barrier 130
and is thus drained off. The accumulated charge in stages 103 through 105 remains
limited to 25 percent of the charge that may be collected, as represented by response
characteristic 620. At stage 106, the level of barrier 130 is increased to 50 percent of the
maximum barrier level to allow an incremental increase in the charge collected. As stage

106 moves past the target image, charge is accumulated in pixel cells 115 associated with
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stage 106. The increase in accumulated charge is represented by response characteristic
630. As shown, the accumulated charge exceeds the level of barrier 130 during the
charge collection of stage 107 and the excess charge is drained off. The accumulated
charge remains limited to the 50 percent level, as represented by response characteristic
640. At stage 108, the level of barrier 130 is increased to allow an incremental increase
in the charge collected. As stage 108 moves past the target image, charge is accumulated,
as represented by response characteristic 650. The charge level continues to accumulate
until the collected charge is read out in stage 110.

In this exemplary case, the accumulated charge level is substantially less than the
maximum level; hence, the brightest image data is not lost because the image data is
compressed. As is illustrated, an imager incorporating a step-wise increase in the level of
barrier 130 causes alterations or shifts in reference points that are used by subsequent
cells to accumulate charge. These alterations in the reference points allow for the
collection of more data from brighter images.

In a third exemplary image, similar to the brightest image discussed in regard to
Figure 4, the brightness of the image causes the charge collected to exceed the first level
of barrier 130 during the collection phase of stage 101. Any charge collected as the
target image moves past stages 101 through 105 is thus drained off. The level of the
accumulated charge remains fixed at the barrier level as represented by response
characteristic 620. Beginning at stage 106, the level of barrier 130 is increased. As stage

106 moves past the target image, charge is again accumulated in pixel cell 115 associated
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with stage 106, as represented by response characteristic 670. As shown, the brightness
of the image causes the accumulated charge to quickly exceed the increased barrier level.
Thus, any charge collected after this increased barrier level is exceeded is drained off.
Accordingly, the accumulated charge level remains limited during stage 106 and
continuing through stage 107, as represented by response characteristic 640. At stage
108, the level of barrier 130 is incrementally increased and charge is again accumulated,
as represented by the response characteristic 680. In this embodiment, the brightest
portions of the image are collected and the brightest portions of the image are not lost.
The altered reference points compress the image data to allow pixel cells to accumulate
charge that would otherwise be greater than their maximum capability. These alterations
in the reference points allow for the collection of image data from brighter images that
would otherwise be lost without affecting low light level performance.

In accordance with the principles of the invention, the dynamic range of a TDI-
CCD device is extended by selectively setting levels of barriers that limit the charge
collection capability. The selectively set barrier levels shift the reference point of
accumulated charge. The altered, or shifted, reference point causes the imager to
compress brighter portions of an image while not influencing the lower intensity portions
of the same image.

As should be understood, the scope of the invention is not limited to the step-wise
increase in charge capacity in the exemplary 8-stage TDI-CCD device illustrated. Rather

the method of setting progressive barrier levels, and thereby progressively accumulating
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charge in a TDI-CCD deyice, may also be determined using, for example, exponential,
logarithmic, inverse logarithmic, geometric or polynomial functions. Furtherstill, the
number of barrier levels also may be increased commensurate with the number of stages
in a TDI-CCD device. Thus, the number of different barrier levels may be set
substantially equal to the number of stages.

Figure 6a illustrates one embodiment for fabricating a TDI-CCD imager having a
charge capacity illustrated in Figure 4. In this illustrative embodiment, the barrier level
130 is set to limit the amount of charge collected. For example, barrier levels are set to
limit pixel cell 115 associated with stages 101 through 105 to collect only twenty-five
(25) percent of full capacity of pixel cell 115 -- i.e., maximum level 465. For stages 106
and 107, barrier levels are set to limit pixel cell 115 associated with stages 106 and 107 to
collect and retain an accumulated charge that corresponds to fifty (50) percent of full
capacity. At stage 108, the barrier levels are set to the full width of pixel cell 115 to
collect and retain an accumulated charge that is substantially equal to full capacity.
Figure 6b illustrates a second embodiment for fabricating a TDI-CCD imager having a
charge capacity illustrated in Figure 4. In this embodiment, the barrier levels, or
potentials, are constant but are positioned to adjust the width of pixel cells 115 to limit
the charge collected. In this case, the amount of charge collected is limited by the size of

the pixel cells. Further, the width of barrier level 130 remains substantially constant.

Figure 7a illustrates a second embodiment of fabricating a TDI-CCD device to

achieve the exemplary step-wise accumulated charge characteristics illustrated in Figure
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4. In this embodiment, th¢ pixel cell charge capacity is set in designated stages to limit
the accumulated charge. As illustrated, the width of pixel 115 in stages 101 through 104
is set at a maximum level 465 -- i.e., full collection capacity. At stage 105, the width of
pixel 115 is reduced to twenty-five (25) percent of maximum level 465. At stage 106, the
width of pixel 115 is again increased to maximum level 465, and at stage 107, the width
of pixel 115 is reduced to fifty (50) percent of maximum level 465. Finally, at stage 108,
the width of pixel 115 is again increased to maximum level 465. The narrow channel
regions at stages 105 and 107 act as charge clippers. Figure 7b illustrates another
embodiment, similar to that described in regard to Figure 7a, wherein the width of barrier
130 is remains substantially constant. This embodiment is advantageous as the width of
drain 125 is correspondingly increased when the size of pixel 115 is decreased. This

increase in drain 125 allows for the draining of excessive accumulated charge.

In another embodiment, which is not illustrated, the depth of the pixel cell 115, as
illustrated in Figure 2, may also be used to control pixel charge capacity. For 8-stage
TDI-CCD device discussed herein, the depth of pixel cells 115 associated with stages
101-105 may be set to collect twenty-five percent of full charge capacity. Similarly, the
depth of pixel cells 115 associated with stages 106-107 may be set to collect fifty percent
of full charge capacity and the depth of pixel cell 115 associated with stage 108 may be

set to accumulate a full charge.
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Figure 8 illustrates the response characteristics of this embodiment of the
invention to the three exemplary images discussed in regard to Figure 3 and Figure 5.
The response characteristic to the first exemplary image is represented by the response
characteristic 800. As discussed previously, the accumulated charge in stages 101
through 108 remains lower than the associated barrier levels. Thus, the selectively set
levels do not influence the response characteristic of the TDI-CCD device to this first
exemplary image. With regard to the second exemplary image as discussed in regard to
Figure 3, the charge accumulated in stages 101 through 104, as represented by response
810, rises to maximum level 465. At stage 105, however, the charge capacity of pixel
cell 115 is set to twenty-five percent of maximum level 465. Accordingly, as the target
image passes stage 105, the accumulated charge above this twenty-five percent level is
drained off, as represented by response 820. Furthermore, any additional charge
collected during stage 105 is also drained off. Thus, the accumulated charge remains
limited, as represented by response characteristic 830. At stage 106, the charge capacity
of pixel cell 115 is again increased to maximum level 465 and charge is again
accumulated, as represented by response characteristic 840. At stage 107, the charge
capacity of the associated pixel cell 115 is reduced to fifty percent. Any charge collected
above this fifty-percent level is, accordingly, drained off and the accumulated charge
remains at a fixed level, as is represented by response characteristic 850. At the
beginning of stage 108, the charge capacity of the associated pixel cell 115 increased to

maximum level 465 and charge again is accumulated, as represented by response
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characteristic 860. Accordingly, the brighter portions of the imager are again captured in
the imaging device similar to that illustrated in Figure 5.

With regard to the third exemplary image as discussed in regard to Figure 3, the
accumulated charge quickly rises to maximum level 465, as illustrated by response
characteristic 865. Any additional charge that may be collected in stages 102 - 104 is
drained off, as represented by response characteristic 870. At stage 105, the charge
capacity of the associated pixel cell 115 is set at twenty five percent and any accumulated
charge above this level is drained off, as represented by response characteristic 875.
Further, any additional charge collected is similarly drained off and the accumulated
charge level remains constant, as represented by response characteristic 830. At stage
106 the charge capacity of the associated pixel cell 115 is again increased to maximum
level 465. The charge is again accumulated, as represented by response characteristic
880. At the beginning of stage 107, the charge capacity of the associated pixel cell 115 is
again reduced to fifty percent, and the accumulated charge above this reduced level is
again drained off, as represented by response characteristic 885. The accumulated charge
remains fixed at this level as any additional charge collected is drained off, as represented
by response characteristic 850. At stage 108, the charge capacity of the associated pixel
cell 115 is again increased and the accumulated charge again increases, as represented by
response 890. The brightest portions of this third exemplary image are thus captured in a

manner similar to that illustrated in Figure 5.
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It should be understood, the representation of the transfer channel having varying
size is intended merely to illustrate different methods of achieving the exemplary model
of varying barrier levels. Other methods may also be used to achieve similar increases in
accumulated charge.

A further means of increasing dynamic range is achieved by placing a filtering
element over at least one stage of a TDI-CCD device. Filter elements are used to further
extend dynamic range by reducing the intensity of an image as the image moves with
respect to the collection stages. Figure 4 illustrates the placement of filter 500 over stage
108. In this embodiment, in addition to selectively setting of barrier levels, filter 500 is
used to reduce the image intensity as the image passes stage 108. Filter 500 may be, for
example, a neutral-density filter, or a slotted metal filter. Filtering is well known in the
art and need not be discussed in detail herein.

Figure 9 illustrates the response characteristic of the TDI-CCD imager illustrated
in Figure 4 with filter 500 positioned over stage 108. In this case, the response to the
three exemplary images is similar to the responses illustrated in Figure 5, except for the
response in the filtered stage. That is, the response of this embodiment to the first
exemplary image is similar to response characteristic 600 of Figure 5. However, the
imposed filter 500 causes the image intensity to decrease during charge collection at
sfage 108. The amount of charge collected is thus reduced and this reduction in the
accumulated charge is represented by response characteristic 910.  Similarly, the

responses of the second and third exemplary images, as illustrated in Figure 9 are
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equivalent to corresponding responses illustrated in Figure 5, except for the response
during stage 108. With the imposed filter 500 placed over stage 108 the charge collection
is reduced as represented by response characteristics 960 and 990, respectively. Thus, in
accordance with the principles of the present invention, dynamic range of TDI-CCD is
further extended by selectively using filters over at least one collection stage to collect
highly intense images.

Figure 10a illustrates a cross-sectional view of an exemplary embodiment of an 8-
stage back-illuminated TDI-CCD imager incorporating filtering over one stage (stage
108). Figure 10b illustrates a cross-sectional view of a second exemplary embodiment of
an 8-stage back-illuminated TDI-CCD imager incorporating filtering over one stage
(stage 108). As would be understood the principles of the invention are equally
applicable to top-illuminated TDI-CCD imagers. Figure 10c illustrates a cross-sectional
view of an exemplary embodiment of an 8-stage top-illuminated TDI-CCD imager
incorporating filtering over one stage (stage 108).

Using Figure 10a as an illustrative example of TDI-CCD device constructed in
accordance with the principles of the invention, light energy 1040 from a target image is
sequentially collected in each of the collection stage as imager 1010 moves past the target
image in the direction 1050. As illustrated, TDI-CCD imager 1010 is composed of eight
(8) stages, -- i.e., stages 101-108. Stages 101-108 are formed in wafer 1000, which is

typically made of a semi-conductor material, such as silicon or GaAs.
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Attached to wafer 1000 is block 1020. Block 1020 provides support and
protection for wafer 1010. Typically block 1020 is an optically transparent material. For
example, for imagers used in the visible light range, block 1020 may be constructed of
materials such as glass, plastic, acrylic or polymer, that allows light 1040 to pass without
significant degradation or loss. For imagers operating in the IR region, block 1020 may
be constructed of materials such as silicon. For imagers operating in the UV region,
block 1020 may be materials such as quartz and calcium chloride.

Filter 1030 is positioned on surface 1070 between block 1020 and wafer 1010.
Filter 1030, similar to filter 500 discussed previously, is positioned over stage 108 to
reduce the charge collected in this stage. As should be understood, the placement of filter
1030 is not limited to surface 1070, as illustrated. Rather, filter 1030 may be placed, for
example, on surface 1060, or may even be incorporated within block 1020 to achieve a
reduction in the intensity of the image. For example, a filter may be included within
block 1020, by altering the index of reflective of the material of block 1020. The altered
index of reflective reduces the intensity of light that traverses block 1020 and is collected
in stages 101-108 in wafer 1000. Further still, filter 1030 may be incorporated onto
wafer 1010. However, placing filter 1030 on wafer 1010 has the disadvantage that when
a change of filtering is necessary wafer 1010 is affected. Accordingly, incorporating
filter 1030 onto block 1020 allows for filter changes without affecting wafer 1010.

Filters may be used over a plurality of stages and each of these filters need not

cause the same reduction in image intensity. For example, filters may be graduated along
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the depth of a TDI-CCD such that no filtering occurs in the earlier collection stages while
significant reductions of intensity occurs in the latter collection stages. Graduated
filtering, thus, does not affect the low intensity portions of any image but will affect the
brighter portions, as illustrated in Figure 9.

The examples given herein are presented to enable those skilled in the art to more
clearly understand and practice the instant invention. The examples should not be
considered as limitations upon the scope of the invention, but as merely being illustrative
and representative of the invention. Numerous modifications and alternative
embodiments of the invention will be apparent to those skilled in the art in view of the
foregoing description. Accordingly, this description is to be construed as illustrative only
and is for the purpose of teaching those skilled in the art the best mode of carrying out the
invention and is not intended to illustrate all possible forms thereof. It is also undcrstood
that the words used are words of description, rather than limitation, and that details of the
structure may be varied substantially without departing from the spirit of the invention
and the exclusive use of all modifications which come within the scope of the appended

claims 1s reserved.



WO 00/57633 PCT/US00/07523

21

WHAT IS CLAIMED IS

1. An imaging apparatus having a plurality of photosensitive cells arranged in a
plurality of rows, said cells providing an output representing a measure of
accumulated charge, comprising

at least one channel of photosensitive cells, said channel having at least

5 one photosensitive device from each of said rows wherein said accumulated

charge in one of said cells is available to a subsequent one of said cells within said
channel;

at least one barrier level adjacent to each of said at least one channel, said
barrier limiting the amount of said accumulated charge collected in said

10 photosensitive cells, wherein said barrier causes alterations in charge capacity of

said photosensitive cells to incremental increase said accumulated charge; and

means for removing excessive accumulated charge.

2. The imaging apparatus as recited in Claim 1 further comprising at least one filter,
said at least one filter reducing said charge collected in said cell corresponding to

said filter.
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3. The imaging apparatus as recited in Claim 2 further comprising an optically

transparent block, wherein said filter is attached to said block.

4, The imaging apparatus as recited in Claim 1 wherein said photosensitive cells are

charged-coupled devices.

5. The imaging apparatus as recited in Claim 1 wherein said barrier level is set as a
potential.
6. The imaging apparatus as recited in Claim 1 wherein said barrier level is set by

positioning said barrier in said channel.

7. The imaging apparatus as recited in Claim 1 wherein said barrier level is set to

allow a step-wise linear increase in said accumulated charge.

8. The imaging apparatus as recited in Claim 1 wherein said barrier level is set to

reduce said accumulated charge in designated ones of said plurality of rows.

9. The imaging apparatus as recited in Claim 1 wherein said barrier level in each of
said rows is set in accordance with a known relation to cause an incremental

increase in a response characteristic of said imaging apparatus.



WO 00/57633 PCT/US00/07523

23

10. A method of operating an image sensing device which includes a plurality of
photosensitive cells arranged in a plurality of rows, said cells further arranged in
channels wherein charge collected within one of said cells is transferable to a
subsequent one of said cells within said channel, comprising the steps of:

creating at least one barrier adjacent to said channels;
setting each of said at least one barrier levels to allow said charge to
accumulate in said cells, wherein the amount of charge transferred from one of

said cells to a subsequent one of said cells is incrementally increased.

11.  The method as recited in Claim 10 further comprising the step of:
applying filtering selectively to said image sensing device to reduce the

image sensing capability.

12.  The method as recited in Claim 10 wherein said step of setting said barrier levels
includes setting said barriers levels to allow a step-wise increase in accumulated

charge.
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The method as recited in Claim 10 wherein said step of setting said barrier levels
includes setting said barriers levels to reduce said accumulated charge in

designated ones of said plurality of rows.

The method as recited in Claim 10 wherein said step of setting said barriers
includes setting each of said barriers levels in each of said rows in accordance
with a known relation causing an incremental increase in a response characteristic

of said image sensing device.

The method as recited in Claim 10 wherein said barrier level is set as a potential.

The method as recited in Claim 10 wherein said barrier level is set by positioning

said barrier in said channel.



WO 00/57633 PCT/US00/07523
1/6
126 125 181405 459 122

Fr—— — == — = —— - “T—‘“" —'“/ —————————
i 115 130\ 115 (30 115
'\101 \f 1T (\ - } . 115
] \1 RN }1 | Lo
;102 HIEERZARRIE BIK
\ ] =t 1
103 — ; l L4 L
[ 104 I I I | A |

—t+— - —H—t
v 105— | | L BN >
)106’i I i 1 |
[’ 107—-4 sl Y Y Y ?
\
| 115 115 115 115
/110 —> —> —>
\ N N+ 1 N +2 N+3
\—-—-———. — ——
100

FiIG. 1
115
- \

e
\/V%WELL//

P~

125?

SUBSTITUTE SHEET (RULE

FIG. 2

7
Q125

26)

130



WO 00/57633 PCT/US00/07523

2/6
,// 445
465 / 425

) // 450 460 420 &
| / A0 — 430

1.0

0.75 -
FRACTION
0.50 -
FULL WELL 400
0.25 A
0= 23 2 5 & 7 =
FIG 3 TDI STAGES
115 128 115 130
,—L f—L ,( 0 02505
|
o~ e T (T ]
12— ]| RiE L] ( | 510
1°3jL A R A O O O
104 L] ]! L i} \ :
105 K 10 il ? |
106 HIE RN S "L
107—) BN | AN
108 ////(ZCK/KW?W /%Y/V//(
CHARGE
CAPACITY
10— —> —
N N+ 1 N42 N+3
~ l
500 FIG. 4 500

SUBSTITUTE SHEET (RULE 26)



WO 00/57633

3/6

PCT/US00/07523

o AL 620 6’70 e/so L .
. | ;
| /
0.75 - : 650
[
FRACTION o
0.50 |
FULL WELL o
0.25 i
O 23 4 5 6 7 8
FIG. 5 TDI STAGES
125 120130125130120130
Y 0T
101— " VA4 V. 115
10— — A 20
////// 4
104/ i ' ] |/ .
105 Ll /
106
107 —— | / %///
108~ }// /
paL
FIG. 6a ,‘m
130120130125130120}90 5130120130125
3 [ ( s
| Ly | |
I N+2 1 N«3 ' FIG. 6b

SUBSTITUTE SHEET (RULE 26)



WO 00/57633 PCT/US00/07523

4/6
1256 130 130 195
/// // 115
101 _ g 7
102 — 2 :
/ % 7
103 %
/ ; /] s o o
104 Vo | o
- yrs. 7,
105
/IR
1067 ’
A Z
107 / 7
08— % /
¢ 7
N
110/ N+2
FIG. 7a
125 130 05

s I
T T T I O B

N
111%8/_—~ N+1 NT? N+¥3  —
FIG. 7b

SUBSTITUTE SHEET (RULE 26)



WO 00/57633 PCT/US00/07523

5/6

870 875
865

\
/

1.0

0.75

FRACTION
FULL WELL 0.50 -

0.25 4

i 2 8 4 5 6 7 8
TDI STAGES

FIG. 8

[ /]

1.0

680 g10  gop 670 630 /640
|
|
0.75 :
|

FRACTION (50 4~/— 4+ — — — — —
FULL WELL

0.25

TDI STAGES

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 00/57633

1000
[~ === — - ——— [- 101
| §q/:/ 102
I \“/
1040 | 3 ( /103
LIGHT : N |_—104
FROM | ¢ e
INPUT : E_C_ /105
| Nd— "% DmecTion
' \A ' OF
| NG—"""7  TRavEL
| (——108 1050
v S !
| - N [——+—110
1060 1
'l ( 1030 1010
1020 1070 FIG. 10a
: /101 : 01
1040 | <//’102 1 d/102
v |
2_>; _(_ /103 ] (/103
row | 10 | (i
» 104
INPUT | — ! —104 | \GHT
' _( —105 | ( FROM
o | (19 \\acE
: -E — ——106 ! —106
l ('/\\108 : 6\—108
{
| &\-—-4——1070 \1030
10301 ———110 : 110
| 1010 | FIG 10
, L1000 . 10c
FIG. 10b

SUBSTITUTE SHEET (RULE 26)

PCT/US00/07523




INTERNATIONAL SEARCH REPORT taternational application No.
PCT/US00/07523

A, CLASSIFICATION OF SUBJECT MATTER
IPC(7) :HO4N 3/14, 5/335
US CL :348/294, 295
According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 348/294, 295

Documentation searched other than minimum documentation to the extent that such documents aie included in the fields scarched

Electronic data base consulted during the international search (name of data base and, where practicable, scarch terms used)

EAST, WEST

C. DOCUNMENTS CONSIDERED TO BE RELEVANT

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

X US 5,114,237 A (CAZAUX) 19 May 1992, col. 7, lines [-63. I-16

Y US 5,418,563 A (DISCHERT et al.) 23 May 1995, col. 5, lines I-| 2-4, 11
63.

Y US 4,695,889 A (PORTMANN) 22 SEPTEMBER 1987, col. 2, 1,4-10, 12-16
lines 29-65.

Y US 4,627,084 A (MCIVER) 02 DECEMBER 1986, col. 3, lines (6-| 1-16
65).

A US 5,113,263 A (AUDAIRE et al.) 12 May 1992 I-16

D Further documents arc listed in the continuation of Box C. D See patent Ginndy annex.

- Special categonies of cited documents e atet docanreny pabihshed atier the mernational Gl dae o pooriy
R . e atsd ot e conthict with the apphication bt cited 1o anderstand
"AY ducumcyl defining the general state of the art wineh s not considerad e e of theery nderiving the mvention
1o be of parhcular relevance
rrm N . N docnnsent ol parnvubae celevanve. tie chnied s enteon cannat be
E earlier document published on or alter the niternatonat Lhng date
cotianlered rovel on cannen bre considercd o olve o entive sep
"L document which nray throw doubts an prornty clamiesr o whiel s Wien e sdovinnent s ke giane
ciled to establish the publicanon Jate of another aahan or othes
special reason tas specified) TN dovan et ol parnesba relevanee. the chnmed anvention cinnat be
cotsrdeted 1o nnvalve e unentine ~iep o whien the docment s
O document referrmg o an oral disclosure use, exhibion o ather conthined witht one o groee ather such documents, such combanon
meins Dearse bt ons Toa perseni shed o the et
“p* document pubthishied prioe to the mternational Glhing date bat Later e a ecnnient anembicr o e e patent Langls
the priovny date clnmed
Date of the actual completion of the international scarch Date of mailing of the international search report
1
22 MAY 2000 18 AUG 2000
. . - .
Name and mailing address of the ISA/US Authorized officeer

Commissioner of Patents and Frademarks
Box PCT
Washington. D.C. 20231

WENDY GARBER

.
Facsimilc No.  (703) 305-3230 Telephone No. (704 i W

Form PCT/ISA/210 (second sheet) (July 1998)« 4 /




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

