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(57) Abstract

The invention relates to a charge coupled imaging device comprising a matrix for converting an image projected onto the matrix into
a frame of charge packets, and provided with a system of vertical charge transport channels (3) and a horizontal read—out register C. The
device is further provided with means for dumping unnecessary lines into a removal region in a certain operating mode. According to the
invention, these lines are dumped at the transition between the imaging section and the memory section through the use of an imaging
device which comprises an imaging section A and a separate memory section B as well as a removal region (12) situated below the matrix
as an anti-blooming provision. Unnecessary lines may be dumped, for example, into the substrate in that the transport in the imaging
section is continued during frame transport while at the same time the transport in the memory section is stopped. To prevent or at least
reduce aliasing, it is possible to displace the charge pattern in the imaging section while an image is being captured such that, within a
group of k lines of which only one line will be sampled, the remaining, unused k-1 lines being dumped, the selected line will contain
charge originating from the non-selected lines.
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Charge coupled imaging device, and method of operating such a device.

The invention relates to a charge coupled imaging device comprising a
semiconductor body which is provided at a surface with a matrix for converting a radiation
image into charge packets, arranged in a grid of lines and columns, and with a system of
charge transport channels with which said charge packets are transported to a read-out
register in a direction parallel to the columns under the control of clock voltages applied to
clock electrodes, by which register the charge packets are transported line by line in a
direction parallel to the lines of the grid to a read-out member, an electrode being present
which extends transversely across the entire width of the matrix in the line direction and to
which a voltage can be applied for dumping one or several lines via a removal region from

between two lines which are read out via the read-out register.

Such an imaging device is known inter alia from European Patent
Application EP 0 720 388 laid open to public inspection. An imaging device is described
therein which can be operated in two different modes, i.e. in the "still image mode" and in
the "motion preview mode". In the first mode, all lines of the grid are read out and subse-
quently subjected to further signal processing so as to obtain the desired high resolution. In
the second mode, which is used for displaying the captured image on an LCD of the
viewfinder of the camera, only a limited number of lines is necessary, and the redundant
lines present between the former lines are dumped into a removal region instead of being
read out. The imaging device is of the interline type, with photodiodes arranged in a pattern
of rows and columns and with charge transport channels between the columns of
photodiodes. The charge packets formed in the photodiodes during an integration period are
transported to a horizontal read-out register through these charge transport channels (which
are screened against incident radiation). An FDG (fast dump gate) is provided between the
vertical charge transport channels and the horizontal read-out register, by means of which
FDG lines can be dumped in the "motion preview mode". A disadvantage of this device is
that a separate electrode and a separate voltage source for controlling the FDG are necessary

for dumping the redundant lines.

CONFIRMATION COPY
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The invention accordingly has for its object inter alia to provide a charge
coupled imaging device in which redundant lines can be dumped without having the
disadvantages described above.

Dumping of redundant lines may offer advantages also in types of imaging
devices other than the imaging device described above. Thus, for example, the article "A
2/3-in 1187 (H) x 581(V) S-VHS-Compatible Frame-Transfer CCD for ESP and Movie
Mode" by Bosiers et al., published in IEEE Transactions on Electron Devices, Vol. 38,
No.5, May 1991, pp. 1059/1068, describes an imaging device which comprises besides the
photosensitive imaging section also a memory section adjoining the former and masked
against incident radiation. The number of lines that can be stored in the memory section is
295, i.e. half the number of lines in the imaging section, which is 581. In the "movie
mode", the lines in the imaging section are added together in pairs to render it possible to
store all charge generated in the imaging section in the memory section, so that the total
number of lines in the imaging section is reduced by a factor 2 to fit the storage capacity of
the memory section. Joining together of the lines achieves a high sensitivity. Often, however,
an increase in the MTF (improved resolution) is considered more important, in which case it
would be preferable to transport the lines from the imaging section alternately to the memory
section and to the dump. The invention accordingly has for its object also to provide an
imaging device of the frame transfer type which is provided with an imaging section and
with a memory section smaller than the imaging section and which also offers the possibility
of dumping redundant lines.

These and other objects, whether or not in combination with one another,
are achieved in a charge coupled imaging device according to the invention which is
characterized in that, the imaging device being built up from a photosensitive imaging section
and a memory section screened against incident radiation and comprising a number of charge
transport channels which are situated next to one another, which extend in the column
direction, and which merge into the charge transport channels of the imaging section, said
electrode for dumping the lines which are not used is situated at the transition between the
imaging section and the memory section. Redundant lines are dumped at the transition
between the imaging section and the memory section in an imaging device according to the
invention. The entire frame of charge packets can be transported in the usual manner with 1-
, 2-, 3-, or 4-phase clock voltages in the imaging section, while only those lines which are

necessary for further processing are stored in the memory section.
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Important advantages are obtained when the electrode with which lines are
dumped is formed by a separate electrode which is controlled independently of the m-phase
clock electrodes. A preferred embodiment which has the advantage that no separate electrode
is necessary is characterized in that said electrode with which lines can be dumped comprises
at least one clock electrode of the imaging section which is connected to other clock
electrodes of the imaging section via clock lines. A further embodiment is characterized in
that the charge transport channels of the imaging section and the memory section comprise
electrodes which are connected to clock voltage means with which voltages can be applied
whereby transport of charge packets takes place in the imaging section, while at the same
time no transport of charge packets takes place in the memory section, and charge packets
supplied via the imaging section are blocked by a potential barrier at the area of the memory
section and are drained off through the removal region.

An important preferred embodiment, in which it is prevented in a simple
manner that charge from lines to be dumped will partly join charge packets of other lines
during the process of dumping of lines, is characterized in that the removal region is
provided with means for applying a voltage to the removal region for the purpose of
dumping of charge packets, whereby at least locally a reduction of the potential barrier
between the removal region and the charge transport channel is obtained as compared with
the potential barrier obtaining during a preceding integration period.

The invention also relates to a method of operating a charge coupled
imaging device comprising a semiconductor body which is provided at a surface with a
matrix for converting a radiation image into charge packets, arranged in a grid of lines and
columns, and with a system of charge transport channels with which said charge packets are
transported in a direction parallel to the columns to a read-out register under the control of
clock voltages applied to clock electrodes, which read-out register transports the charge
packets line by line to a read-out member in a direction parallel to the lines of the grid, an
electrode being present which extends in the line direction transversely across the width of
the matrix and to which a voltage can be applied for dumping one or several lines via a
removal region between two lines which are read out through the read-out register. Such a
method according to the invention is characterized in that, an imaging device being used built
up from a photosensitive imaging section and a memory section screened against incident
radiation and comprising a number of charge transport channels which lie next to one
another, which extend in the column direction, and which merge into the charge transport

channels of the imaging section, one or several clock electrodes of the charge transport
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channels is/are used so as to form said electrode for dumping of lines which are not used,
which electrode or electrodes is/are situated at the transition between the imaging section and
the memory section.

A preferred method in which aliasing is suppressed at least partly, is
characterized in that only one line out of every group of k lines formed in an integration
period is stored in the memory section, the lines being shifted during the integration period
such that said one line also contains electric charge generated at the areas of the other lines

of said group of k lines.

These and other aspects of the invention will be explained in more detail
with reference to an embodiment. In the drawing:

Fig. 1 is a diagram of a charge coupled imaging device according to the
invention;

Fig. 2 is a cross-section of this device;

Fig. 3 is a diagram representing clock voltages which are applied during
operation of this imaging device;

Fig. 4 is a diagram of potential profiles which are present in the semicon-
ductor body at these clock voltages in a direction parallel to the surface; and

Fig. 5 is a diagram of potential profiles which occur in a direction
perpendicular to the surface at these clock voltages.

Fig. 6 is a diagram representing displacements of the lines during the
integration period in a black-and-white imager according to the invention;

Fig. 7 is a diagram representing displacements of the lines during the

integration period in a color imager according to the invention.

An imaging device of the FT (Frame Transfer) type is described as an
example of a charge coupled imaging device according to the invention. The invention,
however, is not limited thereto. The device may accordingly also be of an alternative type,
for example of the interline type provided with an additional frame memory. FT devices are
generally known per se and often described in the literature. In the following description,
therefore, elements will only be explained in more detail if this is necessary for understand-

ing the invention. The device comprises, as shown in Fig. 1, a photosensitive imaging
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section A and an adjoining matrix B which forms a memory screened against incident
radiation. An image is converted into a grid pattern of charge packets in the imaging section,
arranged in lines (horizontal) and columns (vertical). Lines of charge packets generated in
the imaging section A in the integration period can be transported into the memory B in a
comparatively short time. The memory adjoins at its lower side a horizontal read-out register
C, which in this example is depicted as a single register but which may alternatively
comprise two or more parallel registers, as is generally known. The information in the
memory B is transported into the register C line by line during read-out. The charge packets
of one line are transported to the output of the register C and read out there by the read-out
member 1 packet by packet.

The device is provided at the surface of a semiconductor body 2 made of
silicon and comprises a number of charge transport channels 3 situated next to one another
and mutually separated by channel bounding zones which are indicated with broken lines in
Fig. 1. The channels 3 extend in vertical direction, 1.e. parallel to the column direction, and
parallel to the surface. The charge storage and the charge transport are controlled by means
of clock voltages applied to electrodes which in this example extend transversely to the
charge transport direction across the imaging section A and the memory section B. Only four
electrodes of the imaging section and four electrodes of the memory section are shown in
Fig. 1 so as not to make the drawing unnecessarily complicated, while the charge coupled
imaging device is a 4-phase system by way of example. In actual fact, of course, the surface
is covered with electrodes over the entire length of the charge transport channels. The
electrodes in the imaging section are connected to clock lines 4, 5, 6 and 7 through which
the clock voltages are supplied. The electrodes in the imaging section connected to clock
lines 4, 5, 6 and 7 have been given reference numerals Al, A2, A3 and A4, respectively.
Similarly, the clock electrodes B1, B2, B3 and B4 of the memory section are connected to
clock lines 8, 9, 10 and 11, respectively.

Fig. 4 is a cross-section of the device along a transport channel 3, part of
the imaging section A and part of the memory section B being shown in the drawing. In this
example, where the device is of the n-channel type, the channels 3 are formed by an n-type
surface layer with a thickness and doping concentration as are usual for charge coupled
devices of the buried channel type. A region 12, also of the n-type and formed by the
substrate here, is situated below the channels 3 and forms a drain or removal region for
excess electric charge. Between the substrate 12 and the channels 3 lies a p-type region 13

which has a thickness and doping concentration such that a potential barrier of a suitable
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level can be formed between the channels 3 and the substrate 12. Such a triple layer structure
is often used nowadays in imaging devices with vertical anti-blooming, in which the substrate
is used for draining off excess charge in the case of overexposure. The electrodes Ai of the
imaging section and the electrodes Bi of the memory are electrically insulated from the
surface of the semiconductor body by a dielectric layer 14 made of, for example, silicon
oxide or a double layer of silicon oxide and silicon nitride. The electrodes are manufactured
from a transparent material such as doped polycrystalline silicon. A light screen 15 1s
provided above the electrodes in the memory section to prevent radiation from generating
charge also in the memory. This light screen may be formed, for example, by an aluminum
layer which is electrically insulated from the electrodes. |

The electrodes Ai and Bi are controlled by a clock driver circuit 16 which is diagrammatical-
ly depicted in Fig. 1. The potential of the removal region 12 (substrate) is set by means of a
voltage source 17 (Fig. 2). Fig. 3 shows the clock voltages applied to the electrodes Al-A4,
B1-B4 and the voltage S applied to the region 12 as a function of time t. The clock voltages
have been identified with the indications Ai and Bi of the phase electrodes for the sake of
convenience. The voltages Ai and Bi vary between a low level, for example 0 V, and a high
level, for example 10 V. The substrate voltage S has a low level of, for example, 20 V and a
high level of, for example, 25 V. Fig. 4 shows the accompanying potential profiles along a
portion of a charge transport channel on either side of the transition between the imaging
section A and the memory section B. As usual, the positive potential is plotted in downward
direction in this drawing. During an integration period Ti, the electrodes Al, A2 and A3 are
set for a high voltage level (for example 10 V) and the electrodes A4 for a low level. A pixel
is formed by the electrodes Al, A2 and A3 and half the adjoining electrodes A4. The charge
(i.e. electrons generated through absorption of locally incident radiation) is integrated in the
potential well below the electrodes Al, A2 and A3. The charge packets are mutually
separated by the potential barriers below the electrodes A4, cf. Fig. 4, t;. The voltages are
chosen such that the potential barrier below the electrodes A4 is higher than the potential
barrier in the p-type layer 13 between the layer 3 and the substrate 12, so that excess
electrons will flow into the substrate 12 and not into adjoining pixels in the case of
overexposure. Fig. 5a plots the potential  (in downward direction) measured in a direction
transverse to the surface. Curve 18 shows the potential below the integrating electrodes Al to
A3. Curve 19 shows the potential below the blocking electrodes A4. It is noted that also the
curve 19 exhibits a minimum in the n-type layer 3. This is favourable for the sensitivity

because electrons generated in the layer 3 below the electrodes A4 are not drained off into
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the substrate but will flow to one of the adjoining potential wells below the electrodes Al to
A3. The electrodes Bl to B4 may be at a fixed potential when the memory matrix is empty.
If a frame is stored in the memory, this frame can be transported to the horizontal register C
in a usual manner so as to be read out line by line through this register. In Fig. 3, according-
ly, the potentials of the electrodes Bl to B4 during the integration period T; are indicated
with broken lines.

The integration period ends at moment t;, and the transport period starts
in which the frame of charge packets formed in the imaging section is (partly) transported
into the memory section. Four-phase clock voltages are applied to the electrodes Al to A4,
as well as to the electrodes B1 to B4. The clocks of the electrodes B are in phase with those
of the electrodes A in the sense that, as is visible in Fig. 3, the clock voltage B1 is in phase
with the clock voltage Al, B2 with A2, etc. An additional positive voltage S is simultaneous-
ly applied to the substrate 12. The significance of this will be explained in a later stage. At
moment t;, Al switches to the low voltage level, so that the charge packets Q initially stored
below three electrodes are now stored below two electrodes, i.e. the electrodes A2 and A3,
as shown in Fig. 4, t,, relating to the packet Q; which is representative of the bottom line in
the imaging section. At t;, Bl is also high so that Q, is transported into the memory section.
Q, has entirely been transferred into the memory B at moment fg. The transport is continued
until Q, lies stored below the electrodes B3 and B4, see Fig. 4, at t;,. The clocks in the
memory section are then stopped, so that the charge remains stored below B3 and B4, while
a potential barrier has been formed below Bl and B2. The transport is continued in the
imaging section, so that the next line, represented by the charge packet Q, in Fig. 4, is
transported farther to the right. At t;,, Q, is stored below A3 and A4 and is bounded on the
right-hand side by the potential barrier below B1. At the moments t;; and t;,, the charge
packet Q, has been compressed into the storage space below the electrode A4. At t13, A4 is
at the low voltage level, as are the adjoining electrodes A3 and Bl. The charge packet Q,
cannot be stored below an electrode anymore now, but is drained off through the substrate 12
(charge reset). To illustrate this, Fig. 5b shows potential profiles 20 and 21 below an
electrode at the positive voltage and at the low voltage, respectively. The curve 20 shows a
potential minimum in which a charge packet can be stored. The curve 21, unlike the curve
19 in Fig. Sa, shows no minimum anymore owing to the higher substrate voltage, so that
charge stored below this electrode flows to the substrate 12 in the direction indicated by the
arrow and can be drained off through the substrate. The charge reset condition is present

below the electrodes A3, A4, Bl and B2, i.e. below four electrodes, so that the risk of
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charge which should be dumped flowing to adjoining packets is practically entirely avoided.
At the same time, the other charge packets in one and the same line with Q, are drained off
through the substrate. The charge transport in the imaging section is continued after dumping
of this line, Figs. 3 and 4, t;4 and t;s. At t;g, the next line is in the imaging section, i.e. line
Q,, stored below the electrodes A3 and A4. The situation in the imaging section A is
symmetrical with the situation in the memory section again then. Assuming that the line Q;

is to be stored in the memory, the charge transport in the memory section is continued in that
the four-phase clock voltages applied to the electrodes Bl to B4 are varied in synchronity
with the clock voltages Al to A4 in the imaging section.

It is accordingly possible in this manner to dump lines before they are
stored in the memory. In the example described here, this is achieved without additional
electrodes, simply by stopping the transport in the memory section while the transport in the
imaging section is continued, which is possible thanks to the fact that the electrodes in the
imaging section can be controlled independently of the electrodes of the memory. Major
advantages can obviously also be obtained in embodiments of an imaging device according to
the invention in which a separate dumping electrode configuration is present at the transition
between the imaging section and the memory section.

To ensure that no electric charge will enter the memory section during
dumping, the low voltage level of the electrodes Bl to B4 may be made particularly low (or
negative) during dumping, at least lower than the low voltage level of the electrodes Al to
A4, whereby the potential barrier between the imaging section and the memory section is
additionally increased.

In the embodiment described here, an additional positive voltage 1s
applied to the substrate 12 during the frame transport for the purpose of line dumping. This
additional voltage may alternatively be applied during the integration period, if so destred,
which means that a fixed voltage can be applied to the substrate. Since the electrons
generated below the barrier electrodes are drained off to the substrate during the integration
period, the sensitivity in this mode of operation is lower than in the mode of operation
described further above.

The embodiment described here relates to a CCD imager with subsampl-
ing of 1 in k lines, i.e. only one line out of every k lines is stored as video information in
the memory, while the other k-1 lines are dumped. This operation increases the risk of
aliasing, which phenomenon is known from the literature. A method of preventing this is to

carry out a low-pass filtering before the subsampling operation such that the bandwidth is
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limited to half the sampling frequency after the subsampling operation. In an imager of the
type described, where the image is caught in the charge transport channels and is converted
into electric charge, the filtering operation may be carried out electronically during the
integration period. This can be achieved in that the lines are moved to and fro during the
integration period such that that line within a group of k lines which will eventually be the
only one to be used will contain an electric charge which corresponds to the lines which are
not used. This is diagrammatically depicted in Fig. 6 for a black-and-white imager with k
being equal to 10. The line number L in a group of 10 lines is plotted on the horizontal axis.
The vertical axis shows the relative dwell time t of the line to be sampled in per cents, in
this example of line no. 5. The other lines, so the lines 1 to 4 and 6 to .10, are not used and
are dumped in the manner described above. Line no. 5 is shifted over the entire group of 10
lines during the integration period. Obviously, the other lines are also shifted simultaneously,
partly within the group, partly outside the group. As the drawing shows, the dwell time of
the selected line 5 decreases in proportion as it gets farther removed from the center of the
group. The relative dwell time of the line to be selected is 20% for the lines numbered S and
6, 15% for the lines numbered 4 and 7, 10% for the lines numbered 3 and 8, 4% for the
lines numberd 2 and 9, and 1% for the lines numberd 1 and 10 in the example shown here.
The same method may be used for a color imager with a vertical stripe

filter. In a color imager with a mosaic color filter, however, the period in vertical direction
should be taken into account. This is diagrammatically shown in Fig. 7 for the case in which
a color imager has a period of 2 lines in vertical direction (and a period of 2 pixels in
horizontal direction). An example of this is a filter having the composition:

RGRGRGRG

GBGBGBGB

RGRGRGRG

GBGBGBGB
where R, G, and B stand for red, green, and blue, respectively. To obtain the color
information, two lines, for example the lines 9 and 10, are now selected out of every group
of 20 lines. The information from the other lines is not used. During the integration period
the line no. 9 (indicated with crosses in Fig. 7) dwells temporarily on the line numbers 9 and
11 (20%), 7 and 13 (15%), 5 and 15 (10%), 3 and 17 (4%), and 1 and 19 (1%). Similarly,
the line 10 (indicated with open dots in Fig. 7) collects charge from the lines in the group
which have even line numbers.

It will be obvious that the invention is not limited to the embodiment
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described here but that many more variations are possible to those skilled in the art within
the scope of the invention. Thus more lines in succession may be dumped into the substrate
instead of a single line Q,, which is dumped between two other lines which are stored in the
memory for further processing. The invention may also be advantageously applied to other
types of imaging devices, such as imaging devices of the interline type, provided with an
additional frame memory. In the embodiment described here, the conductivity types may be
interchanged, so that a device with a p-type channel is obtained. The removal region may
alternatively lie next to instead of below the photosensitive elements, as is usual in imaging

devices with lateral anti-blooming.
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CLAIMS:

1. A charge coupled imaging device comprising a semiconductor body which
is provided at a surface with a matrix for converting a radiation image into charge packets,
arranged in a grid of lines and columns, and with a system of charge transport channels with
which said charge packets are transported to a read-out register in a direction paralle] to the
columns under the control of clock voltages applied to clock electrodes,. by which register the
charge packets are transported line by line in a direction parallel to the lines of the grid to a
read-out member, an electrode being present which extends transversely across the entire
width of the matrix in the line direction and to which a voltage can be applied for dumping
one or several lines via a removal region from between two lines which are read out via the
read-out register, characterized in that, the imaging device being built up from a
photosensitive imaging section and a memory section screened against incident radiation and
comprising a number of charge transport channels which are situated next to one another,
which extend in the column direction, and which merge into the charge transport channels of
the imaging section, said electrode for dumping the lines which are not used is situated at the
transition between the imaging section and the memory section.

2. A charge coupled imaging device as claimed in Claim 1, characterized in
that said electrode with which lines can be dumped comprises at least one clock electrode of
the imaging section which is connected to other clock electrodes of the imaging section via
clock lines.

3. A charge coupled imaging device as claimed in Claim 2, characterized in
that the charge transport channels of the imaging section and the memory section comprise
electrodes which are connected to clock voltage means with which voltages can be applied
whereby transport of charge packets takes place in the imaging section while at the same
time no transport of charge packets takes place in the memory section, and charge packets
supplied via the imaging section are blocked by a potential barrier at the area of the memory
section and are drained off through the removal region.

4. A charge coupled imaging device as claimed in Claim 3, characterized in
that the removal region is provided with means for applying a voltage to the removal region

for the purpose of dumping of charge packets, whereby at least locally a reduction of the
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potential barrier between the removal region and the charge transport channel is obtained as
compared with the potential barrier obtaining during a preceding integration period.

5. A charge coupled imaging device as claimed in any one of the Claims 1 to
4, characterized in that the number of lines in the memory section 1s smaller than the number
of lines in the imaging section.

6. A method of operating a charge coupled imaging device comprising a
semiconductor body which is provided at a surface with a matrix for converting a radiation
image into charge packets, arranged in a grid of lines and columns, and with a system of
charge transport channels with which said charge packets are transported in a direction
parallel to the columns to a read-out register under the control of clock.voltages applied to
clock electrodes, which read-out register transports the charge packets line by line to a read-
out member in a direction parallel to the lines of the grid, an electrode being present which
extends in the line direction transversely across the width of the matrix and to which a
voltage can be applied for dumping one or several lines via a removal region between two
lines which are read out through the read-out register, characterized in that, an imaging
device being used built up from a photosensitive imaging section and a memory section
screened against incident radiation and comprising a number of charge transport channels
which lie next to one another, which extend in the column direction, and which merge into
the charge transport channels of the imaging section, one or several clock electrodes of the
charge transport channels is/are used so as to form said electrode for dumping of lines which
are not used, which electrode or electrodes is/are situated at the transition between the
imaging section and the memory section.

7. A method as claimed in claim 6, characterized in that only one line out of
every group of k lines formed in an integration period is stored in the memory section, the
lines being shifted during the integration period such that said one line also contains electric
charge generated at the areas of the other lines of said group of k lines.

8. A method as claimed in claim 7, characterized in that the lines are shifted
during the integration period such that said one line contains electric charge generated at the

areas of all lines of the group of k lines.
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