
2194390 1 PICTURE PICK-UP DEVICE INCLUDING A SOLID-STATE IMGE SENSOR The
invention relates to a picture pick-up device including a solid-state image
sensor and an electronic shutter which is active 5    via a charge
connection at the picture pick-up elements during a part of the picture
information integration period.  A parallel-in, series-out shift register
subsequently shifts charge signals from the pick-up elements to a sensor
output terminal for providing a picture signal. 10        A picture pick-up
device of this type is described in United States Patent 3,715,485. The
image sensor comprises, in a semiconductor substrate, picture pick-up
elements for converting (in the picture information integration period)
incident radiation into electric signals by charge losses across biased
semiconductor 15   junctions.  In this device the picture pick-up elements
in the substrate are each formed with a light-radiation sensitive, biased
semiconductor junction between p- and n-type semiconductor materials with a
first switching transistor for coupling the photosensitive semiconductor
junction to the shift register and 20   with a second switching transistor
for coupling the photosensitive semiconductor junction to the image sensor
substrate under the control of the shutter signal. The patent describes
that during a first adjustable part of the picture information integration
period the second switching transistors to the substrate are conducting 25
and constitute the charge connections so that the photosensitive
semiconductor junctions do not accumulate electric charge loss as picture
information. In the remaining second part of the picture information
integration period all first and second switching transistors are turned of
f so that electric charge losses dependent 30    on the intensity of the
incident radiation are accumulated as picture information which are
subsequently shifted via the first switching transistors to the
parallel-in, series-out shift register.  Consequently, the electronic
shutter is active with an 35   



2 adjustable insensitive and sensitive period during the constant picture
information integration periods. In the case of occurrence of a locally
excessive exposure of given picture pick-up elements it is then avoided
that information is spread to adjacent picture 5    pick-up elements which
would lead to a blooming effect upon display of the picture signal. It is
an object of the invention to provide the use of such an electronic shutter
advantageously in a given known type of solid-state image sensor. To this
end a picture pick-up device 10   according to the invention is
characterised by the technical features specified in the claims. Thus when
using an image sensor having a layer structure of at least three layers of
a semiconductor material of a first conductivity type, the second opposite
conductivity type and the first conductivity type, 15   respectively, with
the substrate of doped first-type semiconductor material accommodating
strip-shaped regions of alternately higher doped second and still higher
doped first-type semiconductor material on one side of said substrate, in
which substrate the regions of the second conductivity type extend to below
the regions 20   of the first conductivity type and have a decreasing
thickness in the proximity of the central axis of these regions and in
which an electrode system directed at right angles to the strip-shaped
regions is present at the picture pick-up elements of the image sensor -
the electronic shutter is rendered active by the 25   application of a
shutter pulse as the shutter signal during the said picture information
integration periods so that the charge connection occurs as a conducting
connection between the strip-shaped regions of the first conductivity type
and the substrate of the first conductivity type. 30        An embodiment
of the invention will be described in greater detail by way of example with
reference to the accompanying drawing in 35   



3 which Figure 1 diagrammatically shows in Figure la a part of a picture
pick-up device according to the invention and in Figure lb a cross-section
of an image sensor present therein, 5   and Figure 2 shows some control
signal diagrams as a function of time to illustrate the operation of the
picture pick-up device of Figure 1. In Figure 1 Figure la is a diagrammatic
elevational 10  view of an image sensor 1 a cross-section of which is shown
in Figure lb via a dot-and-dash line. The cross-section of Figure lb shows
that the image sensor 1 is formed with a layer structure having at least
three layers 2, 3 and 4 of a semiconductor material of n-conductivity type,
opposite p- 15 conductivity type and again n-conductivity type,
respectively. Instead, a p-n-p layer structure would also be possible in
which polarities of voltages to be described must be adapted. The layer 2
is denoted by n which implies a doping concentration of the n-type with,
for example, 20  approximately 5.1014 per cc. The layer 2 is present as a
substrate, identically indicated, of n-type semiconductor material thus
doped in which the layers 3 and 4 are alternately present on one side as
strip-shaped regions identically indicated. The strip-shaped p-regions 3
have a 25 higher doping concentration than the substrate and a doping
concentration of approximately 3.1015 atoms per cc at the region surface is
mentioned as an example. The strip-shaped n-regions 4 have a still higher
doping concentration and a doping concentration of approximately 10[err]
atoms per cc at 30  the region surface is mentioned as an example. In the
elevational view of Figure la the strip-shaped regions are shown by means
of broken lines and they are indicated by n, p, n, p and n. In the
substrate 2 the p-regions 3 extend to below the n-regions 4. The p-regions
3 are shown separately 35 from each other in Figure lb but they could form
a continuous 



layer. It is important that the layer 3 has a decreasing thickness in the
proximity of the central axis of the n-    4 regions 4. The image sensor 1
has a "vertical" transistor structure as described in which the n-regions 4
can be active as the source, the p-regions 3 as the gate and the substrate
2 as the drain. In this transistor structure p-n semiconductor junctions
(3, 4) which are photosensitive are present between the regions 3 and 4. In
the case of biased semiconductor junctions (3, 4) hole-electron pairs
produced by photons of incident light radiation produce charge losses
across these junctions. 10     The image sensor 1 shown in Figure lb is
provided on its substrate side with the strip-shaped n- and p-regions 4 and
3, respectively, with a transparent insulating layer 5 on which an
electrode strip 6 is present, which layers are shaded in the drawing. The
electrode 6 forms part of a 15 transparent system of electrodes (61-64)
which is shown in Figure la as a four-phase electrode system having a
number of successive electrode strips 61 to 64. The four-phase electrode
system (61-64) has been shown by way of example in connection with the
image sensor embodiment described in 20 literature to be referred to
hereinafter. With the underlying regions 4 the electrode system (61-64)
forms the picture pick-up elements which convert the incident radiation
into electric signals corresponding to charge losses across the biased p-n
junctions (3, 4) and integration of charge. 25 (electron). packets in the
regions 4. In addition to the described part with the components 2 to 6 of
Figure lb and the electrode system (61- 64) of Figure la, the image sensor
1 of Figure 1 comprises a shift member 7 and a parallel-in, series-out
shift register 8 30 which is coupled to a sensor output terminal 9. The
shift member 7 may be in the form of a storage member for storage 



of picture information. The shift (and storage) member 7 and the shift
register 8 are shielded from incident light radiation. 35           The
layer structure of the image sensor 1 shown in Figure lb.is described in an
article in "IEEE Transaction on Electron devices", Vol. ED-32, No. 8,
August 1985, pages 1430-1438, entitled "A Frame Transfer CCD Colour Imager
with    5 Vertical Antiblooming". For examples reference is made to this
article for the correct doping concentration profiles at the strip-shaped
regions 3 and 4. For the control of such an image sensor reference is made
to a folder issued by Philips 5   Electronics Components and Materials
Division, Technical Publication 211, April 1986, entitled "The
frame-transfer sensor". In Figure la, in conformity with the folder, the
reference numeral 10 denotes a control signal generator which is considered
to supply control signals CP1, CP2, CP3 and CP4 10  to the electrode strips
61, 62, 63 and 64, respectively, and further control signals CP7 and CP8 to
the shift (and storage) member 7 and the shift register 8, respectively.
References x and y at the connection lead with the signals CP7 and CP8
indicate that these are in a multiphase form with 15  several leads. For a
detailed construction of the control signal generator 10 for supplying
shift signals, clock pulse signals, pulses having a longer duration and
combinations thereof, reference is made to the said folder. Based thereon,
Figure 2 shows some control signal diagrams as a function of 20 time t for
the control signals CP1, CP2, CP3 and CP4. In Figure la the combination of
these control signals for the electrode system (61-64) is denoted by CP1-4
as a part of a shutter signal (CP1-4, SP) to be described hereinafter.
Figure 2 shows some instants t1 to t7. Before the instant t1 25 and after
the instant t7 shift clock pulses TP are present in known manner in the
control signals CP1 to CP4. Starting from 



a clock pulse frequency of 2.5 MHz and a frequency division by the factor
of 4 as indicated in the folder, the 90  phase- shifted shift clock pulses
TP are generated by the generator 30 10 with a pulse period of 1.6 us.
Figure 2 shows from the instant t1 to the instant t7 a picture information
integration period denoted by IT. The period IT in Figure 2 is divided into
a first, second and third duration denoted by IT1, IT2 and IT3,
respectively. Figure 2 shows as an example 35  that the duration IT2
between the instants t3 and t5 is equal to 4.8/us, or in other words three
times the period of the pulses TP. In practice this duration is found to be
optimum    6 for the effect to be obtained and to be described hereinafter,
in the sensor embodiment described in the article when a minimum duration
is aimed at. Instead, the duration IT2 may commence at the instant t1
instead of at the 5   instant t3 which implies an absence of the duration
IT1. Figure 2 also shows that the pulses TP have an amplitude of between,
for example, OV and +10V. Figure lb indicates that the substrate 2 is
connected, for example, to a connection conveying a voltage of +20V. A
particular aspect of the 10  invention is that during the duration IT2 of
the period IT there is a voltage of, for example, -5V present in the
control signals CP1 to CP4, that is to say, in the combination CP1-4 of
these control signals. Due to the presence of the pulses at -5V indicated
as shutter pulses SP 15  in Figure 2, a shutter signal (CP1-4, SP) is
active for an electronic shutter (2-6, SP) at the sensor 1 of Figure 1. The
picture information integration period IT is a maximum integration period
in this case with a division into an adjustable insensitive duration
(IT1+IT2) and a sensitive 20  duration IT3. In Figure 2 the reference IP
denotes integration pulses at a voltage of +10V at the control signals CP2,
CP3 and CP4. 



The following applies for explanation of the operation of the image sensor
1 and the electronic shutter 25  (2-6, SP) active with the shutter signal
(CP1-4, SP). The starting point is the instant t1 shown in Figure 2. The
voltage of OV is present via the signal CP1 at the electrode strips 61 and
the strips 62, 63 and 64 convey the voltage of +10V while the signals CP2,
CP3 and CP4, respectively, are 30  applied. The voltage of +10V attracts
electrons from the n- regions 4 so that the semiconductor junctions (3, 4)
are biased. The electrons are attracted from the underlying and adjacent
part of the region 4 and from the part located further away if the voltage
of OV occurs on the overlying 35  electrode strip. From the instant t1
photons of the incident light radiation will lead to electron hole pairs so
that the voltage across the biased semiconductor junctions (3, 4)    7
decreases. The charge loss at the semiconductor junction (3, 4) corresponds
to a free negative charge under the electrode strips 62, 63 and 64, that is
to say, with free charge packets present there whose size depends on the
intensity of 5   the local exposure and its duration. In this manner free
charge packets occur under the electrode strips 62, 63 and 64 at the
instant t2. Subsequently the voltage of -5V is applied to all electrode
strips 61 to 64 at the instant t3. Consequently, 10  all "vertical"
transistors with sources 4 and drain 2 become conducting so that charge
connections (2, 3, 4) are formed at the semiconductor junctions (3, 4). An
example has been given in that from the instant t3 to the instant t4 the
charge connections (2, 3, 4) convey current and are biased to the 15
conducting state from the instant t4, whilst electrons produced by photons
are immediately depleted. At the instant t5 the state described with
reference to instant t1 is present again and the light integration is
re-initiated, with 



the instant t6 corresponding to the instant t2. 20              From the
instant t7 the charge signals corresponding to the charge losses occurring
at the semiconductor junctions (3, 4) are shifted in known manner as charge
packets along the regions 4, from below the electrode system (61-64) to the
shift (and storage) member 7. 25              The structure of the image
sensor 1 with the described layer structure and doping concentrations leads
to an electronic shutter (2-6, SP) at the picture pick-up device having a
satisfactory operation in practice. The charge losses across the biased,
photo-sensitive semiconductor 30   Junctions (3, 4) and the free charge
packets corresponding thereto under the electrode system (61-64) are
replenished or depleted, respectively, during the shutter action. If the
picture signal occurring at the sensor output terminal 9 is    used for
television display after signal 35   processing operations which are
conventional in television, the picture pick-up device forms part of a
television camera. A further possibility is to process the picture signal
occurring at the terminal 9 to a signal suitable for    . 8 cinematographic
display so that the picture device forms part of a cinematographic camera
as a pick-up member. A further possibility is to process the picture signal
to a photographic or slide recording so that the picture pick-up 5   device
forms part of a photographic camera as a pick-up member. There are often
pauses between photographic recordings. Starting from the described frame
transfer design of the image sensor 1 with the pick-up member, the storage
member and the shift register member the electronic shutter 10  (2-6, SP)
may be utilized in the case of photographic recording for obtaining the
charge connection (2, 3, 4) at both the pick-up member and the storage
member. Prior to the 



photographic recording the two members are cleared. This clearing operation
can be performed by applying the shutter 15  signal (CP1-4, SP) to the
electrode systems of both the pick- up member and the storage member. In
the case of a photographic recording there is still another solution for
the clearing shutter action by applying the shutter signal with the shutter
pulses of opposite polarity to the substrate 20 which is common for the
pick-up member and the storage member. 25 30 35    9      *  C  L  M  S  *
CLIAM(S) 1. A picture pick-up device including a solid-state image sensor
which comprises, in a semiconductor substrate, picture pick-up elements for
converting (in a picture information 5    integration period) incident
radiation into electric signals by charge losses across biased
semiconductor junctions, and a parallel-in, series-out shift register
coupled thereto for subsequently shifting the signals (under the control of
clock pulse signals supplied by a control signal generator) to a sensor
output 10   terminal for providing a picture signal, and an electronic
shutter which is active via a charge connection at the picture pick-up
elements during a part of the picture information integration period (under
the control of a shutter signal supplied by the control signal generator),
characterised in that the image sensor 15   has a layer structure of at
least three layers of a semiconductor material of a first conductivity
type, the second opposite conductivity type and the first conductivity
type, respectively, with the substrate of doped first-type semiconductor
material accommodating strip-shaped regions of alternately high doped
second 20    and still higher doped first-type semiconductor material an
one side of said substrate, in which substrate the regions of the 



second conductivity type extend to below the regions of the first
conductivity type and have a decreasing thickness in the proximity of the
central axis of these regions and in which an electrode 25    system
directed at right angles to the strip-shaped regions is present at the
picture pick-up elements of the image sensor, and that the electronic
shutter is rendered active by the application of a shutter pulse as the
shutter signal during the said picture information integration periods so
that the charge connection 30    occurs as a conducting connection between
the strip-shaped regions of the first conductivity type and the substrate
of the first conductivity type. 35    10 2. A picture pick-up device as
claimed in Claim 1, characterised in that the shutter pulse is applied to
all electrodes of the said electrode system at the picture pick-up elements
of the image sensor. 5         3. A picture pick-up device as claimed in
Claim 1, characterised in that the shutter pulse is applied to the
substrate of the image sensor. 4. A picture pick-up device including a
solid-state image sensor and an electronic shutter, which image sensor
comprises 10   picture pick-up elements for converting incident radiation
into electric charge signals in a picture information integration period,
and a parallel-in, series-out shift register coupled thereto for
subsequently transferring the charge signals to a sensor output terminal
for providing a picture signal, the transfer 15   being under the control
of clock pulse signals supplied by a control signal generator, the
electronic shutter being active via a charge connection at the picture
pick-up elements during a part of the picture information integration
period under the control of a shutter signal supplied by the control signal
generator, 20   characterised in that the image sensor comprises a
semiconductor substrate of a first conductivity type acccmmodating
strip-shaped 



regions which are alternately of high doped second conductivity type and
still higher doped first conductivity type, in which substrate the regions
of the second conductivity type extend to 25    below the regions of the
first conductivity type and have a decreasing thickness in the proximity of
the central axis of these regions, and in that the radiation-generated
charge signals in the pick-up elements are formed (during the picture
information integration period) in the regions of the first conductivity
type 30    below an electrode system which is transverse to the
strip-shaped regions, and that the control signal generator supplies the
shutter signal as a pulse during the said picture information integration
periods so as to provide the charge connection as a conducting connection
between the strip-shaped regions of the first 35    11 conductivity type
and the substrate of the first conductivity type. 5. A picture pick-up
device substantially as described with reference to Figure 1 or Figure 2 of
the drawings. 5 10 15 20 25 30 35    


