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DESCRIPTION

COMBINED IMAGE SENSOR AND DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a combined image

sensor and display device.

BACKGROUND ART

There is a desire to fabricate an image sensor in a

thin-film polysilicon process which is compatible with that

used in the manufacture of thin-film transistor substrates for

active matrix liquid crystal displays (AMLCDs) . By using

such a fabrication process, such an image sensor may be

monolithically integrated within an AMLCD in order to provide,

for example, an input function for detecting a touch or pen

input. In such an arrangement, each pixel may include both

image sensing and displaying elements to provide similar

spatial resolutions of image sensing and display. However,

the presence of the image sensing function within the pixels

reduces the aperture ratio of such a display as compared with

a display in which no image sensing function is provided.

Several types of semiconductor image sensors exist,

including those based on charge-coupled device (CCD)

technology and those based on complementary metal oxide



silicon (CMOS) technology. CCDs have historically offered

higher quality performance than CMOS image sensors because

of the specialized process technologies for maximizing the

transfer efficiency of photo-generated charges. However,

CMOS image sensors have an advantage in that both an

imaging array and signal processing electronics may be

integrated onto the same chip whereas the specialized nature

of CCD processes prohibits such integration. CMOS image

sensors therefore have advantages of lower cost for many

applications, for example in consumer electronics.

Two main types of CMOS image sensors are known,

namely passive pixel sensors (PPS) and active pixel sensors

(APS) . Passive pixel sensors include a photodiode or similar

photo sensitive device and a "select" transistor within each

pixel of the image sensor. An image sensor array is

addressed by row and the current generated by each

photodiode is integrated for the duration of one row period by

an integrator located typically at the bottom of each column.

Because each pixel contains only two active devices, passive

pixel arrangements permit a high resolution array to be

provided. However, the size of such an array is limited by

the time needed to integrate each row sequentially and the

output signals suffer from a relatively large degree of noise

associated with fluctuations in the column current during

integration.



APS devices include an amplifier in each pixel and so

do not suffer from the limitations of PPS arrangements.

Figure 1 of the accompanying drawings illustrates an example

of an APS with a photogate-based pixel circuit, for example as

disclosed in USPN 5,47 1,5 15 . In operation, during an

integration period, electrons accumulate in a potential well

beneath a photogate 30 in proportion to a photon flux

incident on a substrate beneath the photogate electrode. At

the end of each integration period, the potential of a floating

diffusion region 40 is reset to an initial level by applying a

resetting signal pulse RST. The charge accumulated on the

photogate is then transferred to the floating diffusion region

40 during a transfer step controlled by a pulse TX. The

potential of the floating diffusion region 40 is thus indicative

of the charge accumulated during the integration period.

When a row of pixels is sampled, a row select transistor

60 is turned on by a row scan pulse (ROW) . A transistor 55

is connected as a source-follower cooperating with a bias

transistor 65 disposed at the end of a column of the pixel

array. The gate of the transistor 55 is connected to a

floating diffusion node so that the output of the

source-follower provides an indication of the voltage at the

gate of the transistor 55 and hence of the charge accumulated

in the pixel during the integration period.

The image sensor chip also comprises circuitry for



reading out the sampled pixel signal as illustrated at 70 in

Figure 1. When the row containing the sensing element is

selected, the source follower output voltage representing the

incident light intensity is stored in a capacitor 205 via a

transistor 200. Transistors 210, 2 15 and 220 form another

source-follower for the column containing the sensing

element. When the column select signal COL is pulsed, the

output of the column source-follower is supplied to a chip

amplifier via an output OUT. The column source-followers

are enabled in turn so that the image sensor output voltage is

a time-sequential representation of the light intensity

incident on each pixel of the array.

The arrangement shown in Figure 1 also comprises

devices 116, 225, 230, 235, 240 and 245 which are used to

generate a reference voltage for the chip amplifier for

reducing offset errors. The operation of such an

arrangement is known and will not be described further.

Figure 2 of the accompanying drawings illustrates a

sensor element of the APS type including a photodiode 1 of

the "bulk" or vertical type, for example as disclosed in

"128x 128 CMOS photodiode-type active pixel sensor with

on-chip timing, control, and signal chain electronics", E

Fossum et al, Charge-Coupled Devices and Solid-State Optical

Sensors V, Proc. SPIE, VoI 24 15, pp 117- 123, 1995. The

sensing element comprises a resetting transistor 2 connected



between a supply line VDD and the cathode 3 of the

photodiode 1. The gate of the transistor 2 receives a reset

signal RST and reverse-biases the photodiode 1 so as to

charge its capacitance to a predetermined voltage. The reset

phase is followed by a sensing phase during which integration

is performed whereby the photodiode current discharges its

capacitance at a rate proportional to the photon flux incident

on the photodiode 1. A transistor 4 is connected as a

source-follower with its source-drain or "main conduction"

path connected in series with that of a selecting transistor 5

between the supply line VDD and a column buss COL BUS

of a sensing element array. When a row of pixels is sampled,

the row select transistor 5 is turned on by a pulse RS. The

column bus is connected to a column reading arrangement,

for example of the type illustrated by the transistor 65 and

the circuit 70 in Figure 1, to allow the output voltages from

the row of pixels to be read out of the sensor.

US 2006/ 0033729 Al discloses a device comprising an

image sensor integrated within an AMLCD as illustrated in

Figure 3 of the accompanying drawings. Each pixel

comprises a display portion and an image sensing portion

with the latter being of a type similar to that shown in Figure

2 of the accompanying drawings. In this device, each

photodiode comprises a thin-film photodiode fabricated using

the same process technology as used for manufacture of the



AMLCD thin-film transistor (TFT) substrate. A separate

integration capacitor is required in this case because the

ratio of the photocurrent to self-capacitance of the thin-film

photodiode is large compared to that for a bulk CMOS device.

Thus, in the absence of the integration capacitance, the pixel

discharge rate would be too high for practical use.

Such a device may be operated in shadow mode or

reflection mode. In shadow mode, objects above the AMLCD

block the path of ambient light and cast a shadow on the

surface of the display, which shadow is detected by the image

sensor array. This mode may be used, for example, for touch,

pen or gesture input. In reflection mode as illustrated in

Figure 4 of the accompanying drawings, light from a display

backlight 23 passes through a counter-substrate 24, a liquid

crystal layer 25 and a TFT substrate 2 1 so as to be incident

on an object 22 in front of the device. Light reflected from

the object 22 returns to the image sensor array for conversion

into a corresponding signal. Examples of applications for

the reflection mode include contact-type image scanning and

fingerprint recognition and identification.

DISCLOSURE OF INVENTION

According to the invention, there is provided a combined

image sensor and display device comprising a plurality of

device elements arranged as an array of rows and columns,



each of a first set of the device elements comprising a display

pixel having a data input, the data inputs of each column

being connected to a respective column data line, each of a

second set of the device elements comprising an image sensor

element comprising a photodetecting element, a

semiconductor amplifying element, and an integrating

capacitor having a first electrode, which is connected to a

control electrode of the amplifying element and a first

electrode of the photodetecting element, and a second

electrode connected to a control input, which is arranged to

receive, during a sensing phase, a first voltage for disabling

the amplifying element and for permitting integration by the

capacitor of a photocurrent from the photodetecting element

and to receive, during a reading phase, a second voltage for

enabling the amplifying element, each of the amplifying

elements having a main conduction path connected to at least

one of the column data lines, each of the amplifying elements

having a control electrode threshold absolute voltage below

which the amplifying element is disabled and the

photocurrent being such that the absolute value of the voltage

at the control electrode remains below the threshold absolute

voltage during the sensing phase.

The polarity of the photocurrent may be such as to

reduce the absolute value of the voltage at the control

electrode during the sensing phase.



It is thus possible to provide a device having an

improved display aperture ratio while combining the functions

of a display and an image sensor. A greater portion of the

device area may be used for display purposes, for example to

provide a brighter display of improved appearance. Such a

device may be manufactured using thin-film semiconductor

process or silicon-on-insulator process technology.

The main conduction path of each of the amplifying

elements may be connected between a pair of the column data

lines.

The first set may comprise all of the device elements.

The second set may comprise fewer than all of the device

elements.

Each of the sensor elements may be distributed across a

respective group of the device elements.

The sensing and reading phases may be repeated.

Each of the photodetecting elements may be a

photodiode. Each of the photodiodes may be a lateral

photodiode. Each of the photodiodes may be a thin film

diode.

Each of the amplifying elements may comprise a

voltage-follower arrangement.

Each of the amplifying elements may comprise a first

transistor. Each of the first transistors may be a thin film

transistor. Each of the first transistors may be a field effect



transistor. Each of the first transistors may be connected as

a source-follower, the control electrode may comprise the

transistor gate and the main conduction path may comprise

the source-drain path.

Each of the sensor elements may comprise a

semiconductor resetting element having a control electrode

connected to a reset input and being arranged, during a

resetting phase, to charge the capacitor to a predetermined

voltage. Each of the resetting elements may have a main

conduction path connected between the first electrode of the

capacitor and a predetermined voltage source. Each of the

resetting elements may comprise a second transistor. Each

of the second transistors may be a thin film transistor.

The device may comprise row control inputs, each of

which is connected to the control inputs of the sensor

elements of a respective row. The device may comprise row

reset inputs, each of which is connected to the reset inputs of

the sensor elements of a respective row. Each of at least

some of the column data lines may be connected to a

respective biasing element. Each biasing element may

comprise a third transistor. Each third transistor may be a

thin film transistor.

The device may comprise an active matrix addressing

arrangement.

The display pixels may be liquid crystal pixels.



The active matrix addressing arrangement may be

arranged to address each row of the sensor elements during

a line blanking period of a corresponding row of the display

pixels.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic diagram of part of a known type

of image sensor;

Figure 2 is a circuit diagram of a known type of image

sensing element;

Figure 3 is a circuit diagram of part of a known display

incorporating an image sensor;

Figure 4 is a schematic cross-sectional diagram of a

known display including an image sensor operating in

reflection mode;

Figure 5 is a circuit diagram of part of an image sensor

for use in an embodiment of the invention;

Figure 6 is a timing diagram illustrating waveforms

occurring in the sensor shown in Figure 5;

Figure 7 is a circuit diagram of part of an image sensor

for use in another embodiment of the invention;

Figure 8 is a timing diagram illustrating waveforms

occurring in the sensor shown in Figure 7 ;

Figure 9 is a schematic diagram illustrating a combined

image sensor and display device constituting an embodiment



of the invention;

Figure 10 is a diagram illustrating a detail of an example

of the embodiment shown in Figure 9 ;

Figure 11 is a diagram illustrating a detail of another

example of the embodiment shown in Figure 9;

Figure 12 is a diagram illustrating a detail of a further

example of the embodiment shown in Figure 9;

Figure 13 is a timing diagram illustrating operation of

the embodiment shown in Figure 9; and

Figure 14 is a diagram illustrating yet another example

of the embodiment shown in Figure 9.

Like reference numerals refer to like parts throughout

the drawings.

BEST MODE FOR CARRYING OUT THE INVENTION

A combined image sensor and display device comprises

an array of rows and columns of sensor elements, each of

which is as illustrated at 10 in Figure 5 . The sensor

elements 10 together with addressing and output circuits are

integrated on a common substrate, for example using

thin-film transistor or silicon-on-insulator techniques. The

sensor comprises an active matrix device, which is combined

with an active matrix display of the liquid crystal type as

described hereinafter.

The sensor element 10 comprises a photodetecting



element embodied as a lateral thin-film photodiode Dl , whose

anode is connected to a line VSSR common to all the sensor

elements of the row and carrying a photodiode anode potential

VSSR. The cathode of the photodiode is connected to an

integrating node 11, which is connected to the first electrode

or plate of an integrating capacitor Cl . The second electrode

or plate of the capacitor Cl is connected to a row select line

RS, which is common to the sensor elements of the row and

supplies a row select signal for selecting the row of sensor

elements 10 during a reading phase.

The integrating node 11 is also connected to the gate of

a semiconductor amplifying element embodied as a transistor

Ml and to the source of a semiconductor resetting element

embodied as a transistor M2 for performing resetting. The

transistors Ml and M2 are thin-film insulated gate field effect

transistors. The source of the transistor Ml is connected to

a column data line 6 . The line 6 is common to all of the

sensor elements of the column and is connected, at its lower

end, to the column output and to the drain of a thin film

insulated gate field effect transistor M3. The transistor M3

acts as a bias arrangement forming a source load for the

transistor Ml and has a source connected to another power

supply line VSS and a gate connected to a reference voltage

source supplying a reference voltage VB.

The drain of the transistor Ml is connected to the



column data line 6 ' of the adjacent column of device elements,

which comprise display pixels but not sensor elements.

During a reading phase of the sensor element 10, the column

data line is connected to a supply line VDD and the column

data line 6 acts as a column output line. Outside the

reading phase, the column data lines 6, 6' supply pixel data

to display pixels of the device.

The drain of the transistor M2 is connected to a line

VDDR, which is common to all of the sensor elements 10 and

which supplies an initial reset potential VDDR- The gate of

the transistor M2 is connected to a reset line RST, which is

common to the sensor elements 10 of the row and which

supplies a reset signal during a resetting phase.

During image sensing, the sensor elements 10 perform a

repeating cycle comprising a resetting phase, an integrating

phase and a reading phase. The cycles for the sensor

elements in the same row are in synchronism with each other

whereas the cycles for different rows are staggered in time in

accordance with known active matrix addressing techniques.

During the resetting phase, a resetting pulse is supplied to

the reset line RST as illustrated by the upper waveform in

Figure 6 . The resetting pulse causes the transistor M2 to

conduct while the pulse is a t its high level so that the

integrating node 11 and, in particular, the first electrode of

the capacitor Cl are charged to an initial reset potential



VDDR. The initial reset potential is less than the threshold

of the transistor Ml , which thus remains switched off during

the resetting phase and the subsequent integrating phase.

The integrating phase begins when the resetting signal

returns to its low value. The low value of the resetting

signal is less than or equal to the photodiode anode potential

VSSR so that the transistor M2 remains off throughout the

integrating phase.

During the integrating phase, the photocurrent supplied

by the photodiode D l discharges the capacitor Cl at a rate

proportional to the photon flux which is incident on the

photodiode. At the end of the integrating phase, the voltage

V1NT of the integrating node is given by:

VINT = VDDR - IpH θτ o-tiNτ / Cτ

where IPHOTO is the current through the photodiode Dl ,

tiNT is the integration time period and C T is the total

capacitance at the integrating node. The total capacitance a t

the integrating node is given by the sum of the capacitance of

the integrating capacitor Cl , the self-capacitance of the

photodiode Dl , the gate capacitance of the transistor Ml and

the gate-source capacitance of the transistor M2 . The voltage

at the integrating node 11, and hence at the gate of the

transistor Ml , thus falls further below the threshold voltage

of the transistor Ml . There is therefore n o risk of the

transistor Ml being accidentally turned on and starting to



conduct.

The integrating phase ends when the row select signal

changes to its high level as illustrated by the lower waveform

in Figure 6 . This starts the reading phase for all of the

sensor elements 10 of the row. During the reading phase,

the column data line receives a supply voltage VDD from the

supply line VDD. Charge injection occurs across the

integrating capacitor Cl such that the potential at the

integrating node 11 is increased to:

VINT = VDDR - IpHθτo .tiNτ / Cτ + (VRS.H - VRS.L) .CINT/ C T

where VRS.H and VRS.L are the high and low potentials,

respectively, of the row select signal and may be equal to VDD

and Vss, respectively. The integrating node 11 is thus raised

above the threshold voltage of the transistor Ml , which is

switched on and forms a source-follower amplifier with the

transistor M3 to provide an output voltage at the column

output indicative of the photodiode current integrated during

the integrating phase and thus representing the light

intensity incident on the photodiode Dl .

At the end of the reading phase, the row select signal

returns to its low potential and charge is removed from the

integrating node 11 by injection across the integrating

capacitor Cl . The potential at the integrating node drops

below the threshold voltage of the transistor Ml , which is

thus turned off.



The sensor element outputs may be supplied to one or

more output terminals of the device by any suitable

arrangement. For example, a reading-out arrangement of the

type described hereinbefore with reference to Figure 1 may be

used.

It is thus possible to provide a sensor element 10 which

occupies a smaller area. For example, the known

arrangement illustrated in Figure 3 requires three transistors

whereas the sensor element 10 of Figure 5 requires only two

transistors. For a given aperture ratio, more sensor

elements 10 may therefore be provided in a given substrate

area so that an image sensor of higher spatial resolution may

be provided. Alternatively, a higher display aperture ratio

may be achieved as compared, for example, with the

arrangement of Figure 3.

The range of output voltages provided by the sensor

element of Figure 5 may be reduced as compared with known

arrangements because of the "parasitic" capacitance at the

integrating node formed by the photodiode self-capacitance,

the gate capacitance of the transistor Ml and the gate-source

capacitance of the transistor M2 . Also, variations in the

parasitic capacitances of the sensor elements 10 forming the

array and resulting from processing effects may result in an

increase in image sensor fixed pattern noise. The sensor

element of Figure 5 is thus suitable for applications where



these effects can be tolerated and is particularly suitable

where improved image sensing spatial resolution and/ or

improved display aperture ratio are required.

Figure 7 illustrates a sensor element 10 of a combined

image sensor and display device which requires only one

transistor Ml and thus occupies an even smaller substrate

area, permitting even greater image sensing spatial resolution

and/ or display aperture ratio. The transistor Ml and the

transistor M3 are as described hereinbefore. The cathode of

the photodiode Dl and the first electrode of the integrating

capacitor Cl are connected to the integrating node 11 and to

the gate of the transistor Ml . The anode of the photodiode

Dl is connected to the reset line RST and the transistor M2 is

omitted. The second electrode of the capacitor Cl is

connected to the row select line RS. The waveforms on the

reset line RST and on the row select line RS are illustrated by

the upper and lower waveforms shown in Figure 8 .

As described hereinbefore, the sensor elements perform

a repeating cycle of resetting, integrating and reading phases.

The cycles are synchronized with each other for the sensor

elements 10 in the same row and the cycles for different rows

are staggered or offset in time, for example in accordance with

known active matrix addressing techniques.

At the start of the resetting phase, the signal on the

reset line RST rises to its higher level of VDDR. The



photodiode Dl thus becomes forward-biased and conducts so

as to charge the integrating node 11 to a potential of

(VDDR-VD) , where V D is the forward voltage of the photodiode.

The voltage VDDR is less than the threshold voltage of the

transistor Ml so that this transistor remains switched off

during the resetting phase and during the subsequent

integrating phase.

The integrating phase begins when the resetting signal

returns to its low value. During this phase, the photodiode

current discharges the integrating capacitor Cl at a rate

proportional to the photon flux incident on the photodiode.

At the end of the integrating phase (when the row is selected

for reading) , the voltage V1NT a t the integrating node 11 is

given by:

VINT = VDDR - V D - IpHθτ o.tiNτ / Cτ

where V D is the forward voltage of the photodiode Dl and

the other variables are a s defined hereinbefore. Again, the

voltage at the gate of the transistor Ml falls further below the

threshold voltage of the transistor Ml , which therefore cannot

accidentally turn on.

At the start of the reading phase, the row select signal

on the line RS rises to its higher value and the column data

line 6 ' receives the supply voltage VDD. Charge injection

occurs across the integrating capacitor Cl such that the

potential at the integrating node 11 is increased to:



VINT = VDDR - V D - IpHθτo.tiNτ / Cτ + (VRS.H - VRS.L) .CINT/ C T

where the variables are as defined hereinbefore (except

that the source-gate capacitance of the transistor M2 is no

longer present in CT) . The potential at the integrating node

11 thus rises above the threshold voltage of the transistor Ml

such that it operates, together with the transistor M3 at the

end of the column, as a source-follower amplifier. The

output voltage supplied to the column output represents the

photodiode current integrated during the integrating phase

and so represents the intensity of light incident on the

photodiode Dl .

At the end of the reading phase, the row select signal on

the line RS returns to its low value and the column data line

is disconnected from the supply line VDD. Charge is

removed from the integrating node 11 by charge injection

across the capacitor Cl . The potential of the integrating

node 11 thus drops below the threshold voltage of the

transistor Ml , which is thus turned off.

As mentioned hereinbefore, the substrate area occupied

by the sensor element 10 of Figure 7 is even less than that of

the previously described elements. Further, the parasitic

capacitance at the integrating node 11 is less than that for

the sensor element shown in Figure 5 because the transistor

M2 is omitted. The output signal range is therefore

increased and fixed pattern noise is reduced as compared



with the sensor element of Figure 5 .

The sensor element of Figure 7 may be modified by

reversing the polarity of the photodiode Dl such that its

anode is connected to the integrating node 11 and its cathode

is connected to the rest line RST. The signal on the reset

line RST is then modified such that it has the lower value

VSSR during the resetting phase and the higher value VDDR

during the other phases. In this case, the potential at the

integrating node 11 rises during the integration phase. The

parameters of this arrangement are such that the potential at

the integrating node 11 and hence at the gate of the

transistor Ml remain below the threshold voltage of the

transistor Ml during the integrating phase.

As mentioned hereinbefore, the array of sensor elements

10 and the output circuitry at the bottom of the columns are

incorporated within a device so as to provide a display with

an input facility, for example in the form of a "touch screen".

Figure 9 illustrates the layout of such a device on a common

substrate, on which all of the components are integrated, for

example by thin-film technology or silicon-on-insulator

technology. A transparent substrate 12, for example made of

glass, carries a pixel matrix 13 comprising an array or matrix

of display picture elements (pixels) including the sensor

elements, together with appropriate electrodes extending in

the row and column directions. The device receives image



data together with timing signals and power from any suitable

image source and comprises a display source driver 14 and a

display gate driver 15 . Such drivers are known in the field

of active matrix devices and will not therefore be described

further. The device also comprise a sensor row driver 16 and

a sensor read-out driver 17 . The drivers 16 and 17 receive

timing and power signals from apparatus for processing the

sensor data. The sensor read-out driver 17 may be of

conventional type as described hereinbefore and the sensor

row driver 16 may be similar to the display gate driver 15 .

Figure 10 illustrates an example of the combined image

sensor and display device of Figure 9 in the form of an active

matrix liquid crystal display (AMLCD) including the image

sensing function. The circuit diagram of one of the device

elements 18 forming the array is shown in detail. The

display pixel is of known type and comprises a thin-film

insulated gate field effect transistor M4 whose gate is

connected via a row gate line GL to the display gate driver 15

and whose source is connected via the column data line 6' to

the display source driver 14. The drain of the transistor M4

is connected to one electrode of a capacitor C2 and to an

electrode of a liquid crystal pixel CLC. The other electrode of

the capacitor C2 is connected via a common line TFTCOM to

the driver 15 . The other pixel electrode is constituted by a

counter-electrode on the opposite device substrate connected



to receive a common counter-electrode voltage VCOM .

The sensor element 10 is of the type illustrated in Figure

7 and comprises the single transistor Ml , the photodiode Dl

and the integrating capacitor Cl . The column data lines 6

and 6' are connected to the display source driver 14 and the

sensor read-out driver 17 . The row select line RS and the

reset line RST are connected to the sensor row driver 16.

For convenience, the source of the transistor Ml is shown

connected to the column data line 6 belonging to the adjacent

column of device elements, which comprise only display pixels

and not sensor elements.

The operation of the image display pixels in such an

AMLCD is well-known and will not be described further. The

operation of the image sensor comprising the sensor elements

10 and the drivers 16 and 17 is as described hereinbefore.

The addressing of the display pixels and the sensor elements

is synchronized on a row-by-row basis and an example of the

timing of such addressing is described hereinafter.

Figure 11 illustrates a device in which one sensor

element 10 is provided for each set of three colour component

pixels forming a composite full-colour pixel. Separate

column data lines in the form of source lines SLr, SLg and

SLb are provided for the RGB component pixels of each

column of composite pixels and are connected to the display

source driver 14 . The source lines SLr and SLb also form the



data lines 6' and 6, respectively, and are connected to the

sensor read-out driver 17 .

The photodiode Dl and the integrating capacitor Cl are

disposed within one of the colour component pixels, in this

case the red pixel, whereas the transistor Ml is disposed

within the green colour component pixel. This reduces the

area occupied by the sensor element circuitry within each

colour component pixel and thus increases the lowest pixel

aperture ratio. Locating the photodiodes Dl under colour

component pixels of one colour would make the image sensor

sensitive to monochromatic light of that colour. This may be

avoided by locating the photodiodes under different colour

filter colours across the device or by operating the device with

the active matrix substrate uppermost, for example as

illustrated in Figure 4. In the arrangement of Figure 4,

ambient light does not pass through the display colour

filtering before being incident on the photodiodes.

Figure 12 illustrates a device which differs from that of

Figure 11 in that the sensor element is spread over three

adjacent colour component pixels so as to increase even

further the lowest pixel aperture ratio.

Because of the sharing of the column data lines as pixel

source lines and column output lines, it is necessary for

addressing or scanning of the image display pixels and the

sensor elements to be performed with the appropriate timing



and an example of such timing is illustrated in the waveform

diagram of Figure 13. The reading phase of each sensor

element row need only be performed for a relatively small

portion of the total row addressing time of each row and this

may be arranged to coincide with the horizontal blanking

period of the display function, during which time the column

data lines are disconnected from the display source driver

14.

As illustrated in Figure 13, each display row period

starts with a horizontal sync pulse HSYNC, after which the

lines SLr, SLg and SLb are driven with suitable voltages in

order to control the optical states of the colour component

pixels of the selected row so as to refresh the image

row-by-row as in known addressing schemes.

Following signal transfer to the image display pixels of

the row, the column data lines are disconnected from the

display source driver 14 at the start of the blanking period,

which is commonly used in known AMLCDs to invert the

polarity of the counter-electrode so as to prevent degradation

of the liquid crystal material. During the blanking period,

the sensor element row select signal rises on the line RS, the

supply voltage VDD is applied to the column data lines 6', and

the bias voltage VB is applied to the transistors M3 to which

the column data lines 6 are connected so as to enable the

source-follower arrangement in the sensor elements of the



currently selected row. The sensor data are thus output via

the column lines SLg, 6 to the sensor read-out driver 17,

which acts as an interface between the sensor elements 10

and the sensor output of the device.

At the end of the reading phase of the selected row of

sensor elements, the row select and bias signals return to

their low potential and the supply voltage VDD is removed

from the data lines 6'. A resetting signal is applied to the

reset line RST for the sensor elements of the selected row so

as to reset the integrating nodes to the predetermined voltage.

The resetting signal is then removed at the end of the row

addressing period tROW and the process is then repeated for

the next pixel row.

The arrangements illustrated in Figures 11 and 12 give

examples of spreading the sensor element components

across a plurality of pixels to increase the lowest pixel

aperture ratio and of sharing common lines to reduce the area

occupied by the sensor element and thus increase the

aperture ratio of the display. However, the components of

the sensor elements may be arranged in any other suitable

manner across the display pixels. Also, other common line

sharing arrangements are possible.

Figure 14 illustrates a device which differs from that

shown in Figure 10 in that a sensor element is provided

within each of the device elements 18 . Figure 14 illustrates



three adjacent colour component pixels in the same row with

the components of the display pixels and sensor elements for

the red, green and blue colour component pixel having the

suffixes r , g and b, respectfully.

The source-drain paths of the transistors MIr, MI g and

MIb are connected between adjacent pairs of column data

lines 6 , 62, and 6 , which also form the source lines SLr, SLg

and SLb. For example, the transistor MIg has its

source-drain path connected between the column data line 6 2

for the column of device elements 18 to which it belongs and

the adjacent column data line 6 3 for the adjacent column.

During the reading phase of each row of sensor elements,

alternate column data lines such as 1 and 6 are connected

to the supply line VDD. The remaining column data lines

such as 6 2 are connected to biasing transistors (not shown in

Figure 14) in the sensor read-out driver 17 . Thus, adjacent

pairs of sensor elements share a common column data line

such as 6 2 so that the output of these sensor elements are

summed. The output is therefore effectively the average of

two sensor values so that output variations are reduced.

Also, the time required to charge the column data line is

reduced so that the reading phase may be made shorter.

The embodiments and concrete examples of

implementation discussed in the foregoing detailed

explanation serve solely to illustrate the technical details of



the present invention, which should not be narrowly

interpreted within the limits of such embodiments and

concrete examples, but rather may be applied in many

variations within the spirit of the present invention, provided

such variations do not exceed the scope of the patent claims

set forth below.



CLAIMS

1. A combined image sensor and display device

comprising a plurality of device elements arranged as an

array of rows and columns, each of a first set of the device

elements comprising a display pixel having a data input, the

data inputs of each column being connected to a respective

column data line, each of a second set of the device elements

comprising an image sensor element comprising a

photodetecting element, a semiconductor amplifying element,

and an integrating capacitor having a first electrode, which is

connected to a control electrode of the amplifying element and

a first electrode of the photodetecting element, and a second

electrode connected to a control input, which is arranged to

receive, during a sensing phase, a first voltage for disabling

the amplifying element and for permitting integration by the

capacitor of a photocurrent from the photodetecting element

and to receive, during a reading phase, a second voltage for

enabling the amplifying element, each of the amplifying

elements having a main conduction path connected to at least

one of the column data lines, each of the amplifying elements

having a control electrode threshold absolute voltage below

which the amplifying element is disabled and the

photocurrent being such that the absolute value of the voltage

at the control electrode remains below the threshold absolute

voltage during the sensing phase.



2 . A device as claimed in claim 1, in which the

polarity of the photocurrent is such as to reduce the absolute

value of the voltage at the control electrode during the

sensing phase.

3 . A device as claimed in claim 1, in which the main

conduction path of each of the amplifying elements is

connected between a pair of the column data lines.

4. A device as claimed in claim 1, in which the first

set comprises all of the device elements.

5 . A device as claimed in claim 1, in which the second

set comprises fewer than all of the device elements.

6 . A device as claimed in claim 1, in which each of the

senior elements is distributed across a respective group of the

device elements.

7. A device as claimed in claim 1, in which the

sensing and reading phases are repeated cyclically.

8 . A device as claimed in claim 1, in which each of the

photodetecting elements is a photodiode.



9. A device as claimed in claim 8, in which each of the

photodiodes is a lateral photodiode.

10 . A device as claimed in claim 8, in which each of the

photodiodes is a thin film diode.

11. A device as claimed in claim 1, in which each of the

amplifying elements comprises a voltage-follower

arrangement.

12 . A device as claimed in claim 1, in which each of the

amplifying elements comprises a first transistor.

13. A device as claimed in claim 12, in which each of

the first transistors is a thin film transistor.

14. A device as claimed in claim 12, in which each of

the first transistors is a field effect transistor.

15 . A device as claimed in claim 14, in which each of

the first transistors is connected as a source-follower, the

control electrode comprises the transistor gate and the main

conduction path comprises the source-drain path.



16. A device as claimed in claim 1, in which each of the

sensor elements comprises a semiconductor resetting element

having a control electrode connected to a reset input and

being arranged, during a resetting phase, to charge the

capacitor to a predetermined voltage.

17. A device as claimed in claim 16, in which each of

the resetting elements has a main conduction path connected

between the first electrode of the capacitor and a

predetermined voltage source.

18 . A device as claimed in claim 16, in which each of

the resetting elements comprises a second transistor.

19. A device as claimed in claim 18, in which each of

the second transistors is a thin film transistor.

20. A device as claimed in claim 1, comprising row

control inputs, each of which is connected to the control

inputs of the sensor elements of a respective row.

21. A device as claimed in claim 16, comprising row

reset inputs, each of which is connected to the reset inputs of

the sensor elements of a respective row.



22 . A device as claimed in claim 1, in which each of at

least some of the column data lines is connected to a

respective biasing element.

23. A device as claimed in claim 22 , in which each

biasing element comprises a third transistor.

24. A device as claimed in claim 23, in which each

third transistor is a thin film transistor.

25. A device as claimed in claim 1, comprising an

active matrix addressing arrangement.

26. A device as claimed in claim 1, in which the display

pixels are liquid crystal pixels.

27. A device as claimed in claim 25, in which active

matrix addressing arrangement is arranged to address each

row of the sensor elements during a line blanking period of a

corresponding row of the display pixels.





























A. CLASSIFICATION OF SUBJECT MATTER

Int.Cl. H04N5/335(2006.01)i, G02F1/1368 (2006 .Ol )i , G06F3/041 (2006 .01 )i ,
G09G3/20 (2006. 01)i, G09G3/36 (2006 .01) i , H01L27/146 (2006 .01) i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. H04N5/335, G02F1/1368, G06F3/041, G09G3/20, G09G3/36, H01L27/146

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications o f Japan 1922 1996

Published unexamined utility model applications o f Japan 1971 2007

Registered utility model specifications o f Japan 1996 2007

Published registered utility model applications o f Japan 1994 2007

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

J P 2004-325961 A (Toshiba Matsushita Display 1 , 2 , 4-27
Technology Co., Ltd. ) 2004.11.18, paragraphs 3
[0001] - [0087] , Fig. 1-31 (Family: none)

J P 2004-318819 A (Toshiba Matsushita Display 1 , 2 , 4-27
Technology Co., Ltd. ) 2004.11.11, paragraphs 3
[0001] - [0112] , Fig. 1-33 & U S 2006/0192766 A l &

E P 1610210 A l & W O 2004/088496 A l

J P 2006-65305 A (SEMICONDUCTOR ENERGY LABORATORY 1 , 2 , 4-27
CO., LTD.) 2006.03.09, paragraphs [0059] -[0082], 3
Fig. 4-9 & U S 2006/0011913 A l

Further documents are listed in the continuation of Box C. f See patent family annex.

* Special categories of cited documents: „ later document published after the international filing date or
"A" document defining the general state of the art which is not priority date and not in conflict with the application but cited to

considered to be of particular relevance understand the principle or theory underlying the invention
-E" earlier application or patent but published on or after the inter- „

national filing date document of particular relevance; the claimed invention cannot

"L" document which may throw doubts on priority claim(s) or which be considered novel or cannot be considered to involve an

is cited to establish the publication date of another citation or other inventive step when the document is taken alone

special reason (as specified) "Y" document of particular relevance; the claimed invention cannot
"O" document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such

"P" document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

12 . 0 9 . 2 0 0 7 2 5 . 0 9 . 2 0 0 7

Name and mailing address of the ISA/JP Authorized officer 5 P 9 6 5 4
Japan Patent Office Kenji Tokuda

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan Telephone No. +81-3-3581-1 101 Ext. 3 5 8 1

Form PCT/ISA/210 (second sheet) (April 2005)



.

PCT/JP2 0 07 / 0 62 1 8 6

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y JP 10-93066 A ( KABUSHIKI KAISHA TOSHIBA ) 1 , 2 , 4-27

A 1998.04.10, paragraphs [0041 ]-[ 0055] , Fig. 9-11 3
(Family: none)

JP 10-93070 A ( KABUSHIKI KAISHA TOSHIBA ) 1 , 2 , 4-27

1998.04.10, paragraphs [0001] - [0090] , Fig. 1-11 3
(Family: none)

A JP 9-247536 A ( KABUSHIKI KAISHA TOSHIBA ) 1-27

1997.09.19, paragraphs [0001] - [0067] , Fig. 1-6

(Family: none)

A JP 8-293591 A (Nikon Corporation) 1996.11.05, 1-27

paragraphs [0119] - [0144 ] , Fig. 8 , 9

& US 5942774 A

A JP 2004-318067 A (Toshiba Matsushita Display 1-27

Technology Co., Ltd. ) 2004.11.11, paragraphs

[0001] - [0125] , Fig. 1-15 (Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

