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(57) An array of transistors comprising an array of first conductors 2a-2h providing either a plurality of gate electrodes or
source electrodes for the transistors, and an array of shared gate or source electrodes made from the second
conductors 4a&4b. The first conductors are associated with a respective group of N rows of the array of transistors
and the columns of conductors include columns of transistors that are associated with a set of N second conductors
of the array; each second conductor in each set of N second conductors is associated with a respective set of 1/N
transistors in the respective column of transistors, where N is greater than 1. The device may also include one or
more drivers; wherein each of the first and second conductors are connected to the respective terminal of the driver
chips. The device may also include an array of pixel conductors, wherein each row of pixel conductors is
associated with a single drain and with a respective rod of transistors, with each column of pixel conductors being

associated with a respective column of transistors.
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THANSISTOR ADDRESSING

The addressing operation of a ransistor array involves independently controliing the

electric potential at the drain electrode of sach transistor of the array.

Oneg addressing technique involves sequentially switching rows of ransistors
between off and on slates by confrolling the voltage at the gate slectrodes of the
rows of transistors, and then applying a respective data voltage to the source
slectrode of each transistor in the row of transistors that is in the on state. One or
more conductor layers define an array of gate conductors and an array of source
conductors, each gate conductor providing the gate slectrodes for a respactive row
of transistors of the transistor array and connectad o a respective terminal cuiput of
a gate driver, and each source conductor providing the source electrodes for a
respactive column of transistors of the transistor array and connecied {0 8 respactive

terminal cutput of a source driver.

The inventors for the present application have identified the challenge of developing

a naw technique for addressing transistors in a transistor array.

There is hereby provided a device comprising an array of transistors: wherein the
device comprises an array of first conductors providing either the gate electrodes or
the source electrodes for the transistors, and an array of second conduciors
providing the other of the gate electrodes and the source electrodes for the
transisiors; whergin the first conductors include conductors that are esch associated
with a respective group of N rows of the array of transistors; and wherein the

columns of transistors include columns of ransistors that are associated with a



respective set of N second conductors of the array of second conductors, and each
second conductor in each set of N second conductors is associated with a respective
set of 1/N transistors in the respective column of transistors; wherein N is an integer

greater than 1.

According to one embodiment, the first conductors provide the gate electrodes for
the transistors and the second conductors provide source electrodes for the

transisiors.

Agcording to one embodiment, the first conduciors provide source electrodes for the

transistors and the second conductors provide gate electrodes for the fransistors.

According to one embodiment N is 2.

According to one embodiment, the device further comprises one or more drivers;
wharein each of the first and second conductors is connected to a respective output

termingl of the one or more driver chips.

According to one embodiment, st least the first conductors are routed around at least

ong comer of the array of ransistors,

According to one embodiment, the davice further comprises an array of pixel
conductors, wherein each row of pixel conductors is associated with a respective row
of transistors and each column of pixel conductors is associated with a respective

column of transistors,

According o one embodiment, the device further comprises an optical madia whoss

optical state changes in response to a change in electrical potential at one or more of

the pixel conductors.



An embodiment of the present invention is described in detall hersunder, by way of

non-limiling example only, with reference o the accompanying drawings, in which:

Figure 1 i3 a schematic plan view of an example of a configuration of the source,

drain and gate conductors of a transistor array;

Figures 2 and 3 are schematic cross-sactional views of parts of the example

configuration iHustrated in Figure 1;

Figure 4 is a schematic plan view of an example of an arrangement for the pixsl

conductors shown in Figures 2 and 3;

Figure § HHlustrates another example of a configuration for the source, drain and gate

conductors in Figure 1;

Figure § illustrates an example of the timing of signals applied to the gate and source

conductors in Figure 1 or Figure §;

Figure 7 iz a schematic plan view of ancther example of a configuration of the sourcs,

drain and gate conductors of a transistor array;

Figures § and 8 are schematic cross-sectional views of parts of the example

configuration lllustrated in Figure 7,

Figure 10 is a schematic plan view of an example of an arrangsment for the pixel

conductors shown in Figures 7 and 8

Figure 11 Hllustrates another exampile of a configuration for the source, drain and

gate conductors in Figure 7 and

L2k



Figure 12 illustrates an example of the timing of signals applied to the gate and

source conductors in Figure 7 and Figure 11,

For the sake of simplicity, examples of techniques according o an embodiment of
the present invention are described for the example of small arrays of sixteen thin
film transistors (TFTs); but the same type of configuration is applicable to much
larger transistor arrays such as transistor arrays comprising more than a million
fransistors.  Other examples of ways in which the devices llustrated in the drawings
can be modified within the scope of the present invention, are discussed at the end

of this description.

in the following description, the terms “row” and “column” mean seres of

fransistors/pixels extending in substantially orthogonal directions.

A first example of a technigue is Hlustrated in Figures 110 4 for a 4x4 array of
fransisiors. Figure 1 is a schematic plan view showing an exampile of the
configuration of the source and gate conductors; Figures 2 and 3 are schematic
cross-sechional views along parts of the gate and source conductors of Figure 1; and
Figurs 4 is a schematic plan view showing an example for an arrangement of the

pixel conduciors.

A first patterned conductor layer is provided on & supporting substrate 30. The
supporting substrate 30 may, for example, comprise a plastic film and a planarisation
layer formed between the plastic film and the first conductor laver, and one or more
additional, functional layers (e.g. conductor andfor insulator layers) sither between

the plastic film and the planarisation layer, and/or between the planarisation layer



and the first patterned conductor layer, and/or on the opposite side of the plastic film

to the planarisation layer.

The first patterned conductor layer is patterned to define {i) an array of source
conductors 2a-2h, and (i} an array of drain conduciors 8 which sach provide the
drain electrode for a respective fransistor.  In this example, each column of the four
columns of transistors is served by a respective pair of source conductors 2a/2b,
20/2d, 2e/2f, 20/2h, and each source conductor of each pair of sourse conductors
provides the source slectrodes for a respective half of the transistors in that column,
in this example, the pair of source conductors provide source slectrodes for alternate
transistors in the respective column of transistors. This patierning of the first
patterned conducior layer may, for example, be achieved by a photolithographic

technigue. Each source conducior 2 is connected to a respective output terminal 14

of 3 source driver,

Over the patterned first conductor layer defining the source and drain conductors 2,
& is formed a semiconducior layer 32, which provides a respective semiconductor
channel for sach transistor.  The semiconductor layer 32 may, for example, be an
organic polymer semiconductor deposited by a liquid processing technigus such as

spin-coating or flexographic printing.

Over the semiconductor layer 32 is formed a dislectric layer 34, which provides a
respective gate dielectric for each transistor. The dislactric layer may, for example,

compise ong oF Mmore organic polymer dislectrdic lavers.



Over the dielectric layer 34 and semiconductor laver 32 is deposited a conductor

material which forms a second conductor laysr extending over the dislectric layer 34,

The second conductor fayer is then patierned to define (I} an array of gate
conductors 4a and 4b. In this example, sach gate conducior providses the gate
slactrodes for a respective pair of transistor rows. In this example, the gate
conductors 4a, 4b are routed around one comer of the transistor array to respective

gate output terminals of a gatessource driver chip 10,

The patterning of the second conductor layer also defines through holes in the gate
conduciors 4 at locations over the centres of the drain conductors 8. As discussed
below, these through holes allow the formation of interlayer conductive connections

8 between the drain conductors § and respactive top pixel conductors 42.

Over the second patterned conductor layer is formed an insulator layer 38, and over
the insulator layer 36 is formed a third conductor layer 38, The third conductor layer
38 is patterned to define a substantially continuous conductor layer punctured by
through holes that allow the formation of interlayer conductive connections 10
between the drain conductors 8 through the second and third conductor lavers and
up to respective top pixel conductors 42, This third conductor fayer functions to
screen the top pixel conductors 42 from the effects of electric potentials at all

underlying conductors, including the gate conductors 4.

Over the third conductor layer is formed a further insulator layer 40, The insulator

layers 36, 40 may, for example, be organic polymer insulator lavers. The insulator

[543



layers 36, 40, dielectric layer 34 and semiconductor layer 32 are then patternad to
define through holes extending down to each drain conductor 8 via the through holes
defined in the third conductor layer and via the through holes defined in the gate
conductors 4. These through holes have a diameter smailer than the through holes
defined in the gate conductors 4 and the third conductor layer in order o avoid any
glectrical shorts between the interlayer conductive connections 8§ and the third

conductor layer 38 and/or gate conductors 4.

Over the top insulator layer 40 is deposited a conductor material, The conductor
material fills the through holes defined in the insulator layers 36, 40, dielectric layer
34 and semiconductor layer 32 and forms a fourth conductor layer 42 over the fop
insulator layer 40. This fourth conductor layer is then patterned to form an array of
pixel conductors 42, each pixel conductor associated with a respective drain
corductor 8. The pixel conductors 42 may, for example, be used to control an
optical media {not shown) provided above the fourth conductor layer. As indicated in
Figure 4, each pixel conductor 42 is connected to a respective drain electrode, and is
therefors associated with a respective unique combination of source and gate
conductors. Each gate conductor is associated with 3 respective pair of pixel rows;
and sach column of pixels is served by a respective pair of source conductors

associated with alternating pixels in the column,

in the example Hlustrated in Figure 1, sach gate conductor takes the form of two
paraliel component conductors within the ares of the transistor array. According to
ong variation example, each gate conductor may also take the form of a solid gale

conductor line within the area of the transistor array.



Figurg 1 fllustrates an example of a configuration for the source, drain and gate
conductors in which the drain conductors for a column of pixels are arranged in 8
staggerad fashion on alternating sides of a cenire line paralie! to the column of
pixels; and each gate conductor takes the form of two paralle! component conduciors
connected at an edge of the transistor array. One variation example is fllustrated in
Figure 5, in which the centres of the drain conduciors for a column of pixels all lis on
a single imaginary straight ing; and each gate conductor has a branched form within
the area of the transistor array, each branch extending over the semiconductor

channel of a respective transistor.

Examples of materials for the first, second, third and fourth conductor lavers include

metals and metal alioys.

in this example, a combined gate/source driver chip 10 is bonded {o the substrate 30
at an edge of the transistor array. The single chip driver integrated circuit (IC) 10
comprisas a gate driver block 18, a source driver block 18, a logic block 20 and a
mamory block 22, The functions of the logic block 22 include: interfacing between
the driver IC 10 and a main processing unit (MPU)},; transferring data to and from the
memory £2; co-ordinating the signals applied by the gate and source driver blocks to
the gate and source outpul terminals 12, 14; and controlling the transfer of output

dats o the source driver block 20, The driver IC 10 may include other blocks,

The driver chip 10 operates fo (i) sequentially switch pairs of transistor rows betweaen

off and on states by applying appropriate voltages to the respective gate conductors



4, and (i} simultaneausly apply respective data voltages to all of the source
conductors 2 to achisve the desired respective slectric potentials at each pixel
conductor 42 associated with the pair of transistor rows in the on-state.  Figure 8
ilustrates an exampile of the timing of signals applied to the gate and source

conductors for this first example.

in this first example, this configuration of source and gate conductors makes it
possibie {o operate a 4xd TFT array using a chip that can also be used for g 2x8 TFT
array. Ancther advantage of the kind of example configuration Hlustrated in Figure 1
is that it requires less routing of the source/gate conductors around the periphery of
the transistor array, compared to the case where a 4x4 aray is driven by a chip

having fowr source output terminals and four gate output terminals,

A second example of a configuration for the source and drain conductors is shown in
Figures 7 1o 10. Figure 7 is a schematic plan view showing the second example of
the configuration of the source and gate conductors; Figures 8 and § are schematic
cross-sectional views along parts of the gate and source conductors in Figure 7; and

Figure 10 is a schematic plan view showing an example of an arrangement for the

pixel conductors.

This second example is substantially the same as the first axample except that: {(a)
the second example includes four source conductors instead of gight source
sonductors, each of the four source conductors providing the source electrodes for a
raspective pair of columns in a8 8x2 transistor array and connected o a respective

cutput terminal of the source driver; and (b) the second axample includes four gate



conductors instead of two gate conductors, wherain each row of the two transistor
rows of the 8x2 array are provided by a respective pair of gate conductors, the pair
of gate conductors providing gate slectrodes for alternating transistors in the

respective row.

i this second example, the driver chip 10 operates to: (i) seguentially switch
portions of transistor rows betwsen off and on states by applying appropriate
voltages to the respective gate conductor 4, and (i) simultaneously apply respective
data voltages to all of the source conductors 2 to achisve the desired respective
electric potentials at sach pixel conductor associated with the ransistor row portion
in the on-state. Figure 12 fliustrates an example of the timing of signals applied to

the gate and source conductors,

As indicated in Figure 10, 2ach pixel conductor 42 is connected 1o a respective drain
conductor 8, and is therefore associated with a respective unique combination of
seurce and gate conductors. The example of Figure 10 includss an array of
rectangular pixel conductors, but the pixe! conductors may have other shapes such
as square conductors.  Each source conductor is associated with 3 respactive pair
of pixel columns; and sach row of pixels is served by a respective pair of gate
conductors, each of the pair of gate conductors associated with altermnate pixels In
the row. In this second example, the configuration of source and gate conduciors
makes it possible o operate a 8x2 TFT aray using a chip that can also be used for a
4x4 TFT array,  More generaily, this kind of tachnique can make i possible to

operate a TFT array having a relatively unconventional aspect ratio (e.g. 168:3) using

i



a chip or chip set that can also be used to operate a TFT having a more conventional

aspect ratio {e.g. 4:3).

Figure 7 illustrates an example of a configuration for the source, drain and gate
conductors in which the drain sonductors for a row of pixels are arranged in a
staggered fashion on allernating sides of an imaginary centre ling paralle! to the row
of pixels; and each gate conductor takes the form within the area of the transistor
array of two parallel component conductors joined together at an edge of the
transistor array. One variation example is illustrated in Figure 11, in which the
centres of the drain conductors for a row of pixels all ie on an imaginary straight line;
and each gate conducior has a branched form within the area of the transistor array,
the branches of a gate conductor extending over the semiconductor channals of
evary other transistor in the set of transistors for the respective row of pixels. In the
variation example of Figure 11, the source and drain conductors have an

interdigitated configuration,

The description above relates to the exampie of an array of fop-gate transistors. The
above-described technigue is equally applicable to arrays of bottom-gate {ransistors,
in which case the deposition order of the first patterned conductor layer,
semiconductor layer 32, dislectric layer 34 and second pattermned conducior layar

would be reversed, and no through holes would nead 1o be defined in the gate

conductors 4,

The description above relates to the example of an annular semiconductor channel

design in which the drain electrode for each transistor is gncompassed within the

13



source-drain conductor layer by the source electrode for that transistor. The above-
dascribed technique is equally applicable to other semiconductor channe! designs,
including non-annular semicénducmr channel designs and other kinds of annular
samiconductor channe! designs. For example, the source and drain slectrodes for

sach transistor may compriss interdigitated finger struchures.

The above-description refates to the example of providing a single driver chip for
both the gate and source conductors, but the above-described technique is also
appiicable to, for example, devices in which separate driver chips are provided for

the driving the source and gate conductors.

The above-description relates to the example where N = 2, but N may be greater

than 2.

The above description relates to an example in which the gate and source
conductors oceupy different lavels within the footprint of the TFT array, and either the
source or gate conductors are routed around one comner of the TFT array. Howevar,
the above-described technique can also be used in combination with 3 technigue in
which the gate conductors or source conductors are routed o the driver chipis)} vig
locations between the other of the gate and source conductors at the same level as

the other of the gate and source conductors within the footprint of the array,

in addition {o the modifications explicitly mentioned above, it will be svident to a
person skilled in the art that various other modifications of the described embodiment

may be made within the scope of the invention.

12



The applicant hereby discloses in isolation each individual featurs described herein
and any combination of two or more such features, to the extent that such festures
or combinations are capable of being carried out based on the present specification
as a whole in the light of the common general knowledge of a person siilled in the
art, irrespective of whether such features or combinations of featurss solve any
problams disclosed harein, and withow! limitation to the scope of the claims. The
applicant indicates that aspects of the present invention may consist of any such

individual feature or combination of features.



CLAIMS

1 A device comprising an array of transistors; whersin the device comprises an
array of first conductors providing either the gate electrodes or the source
slectrodes for the transistors, and an array of second conductors providing the other
of the gate electrodes and the source electrodes for the transistors: wherein the first
conductors include conductors that are sach associated with a respactive group of N
rows of the array of ransistors; and wherein the columns of transistors include
columns of transistors that are associated with a respective set of N second
conductors of the array of second conductors, and each second conductor in each
set of N second conductors is associated with a respective set of N transistors in

the respective column of transistors; wherein N is an integer greater than 1.

4. A device according to claim 1, wherein the first conductors provide the gate
glactrodes for the transistors and the second conductors provide source electrodes

for the transistors.

3. A device according to claim 1, wherein the first condusiors provide sourcs
electrodes for the transistors and the second conductors provide gate electrodes for

the transistors.
4. A device according to claim 1, wherein N is 2.

A, A device according to any preceding claim, further COMPrISING one o more
drivers; wherein each of the first and second conductor is connectad o & respaclive

sutput terminal of the one or more driver chips.

i4



8. A device according to any preceding claim, wherein at least the first

conductors are routed around at least one comer of the array of transistors,

7. A device according to any preceding claim, further comprising an array of
pixel conductors, wherein each row of pixel conductors is associated with a
raspactive row of transistors and each column of pixe! conductors is associated with

a respective column of transistors.

8. A device according to claim 7, further comprising an optical media whose
optical state changes in response to a change in electrical potential at one or more of

the pixel conductors,
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