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Abstract Title: Reducing parasitic leakages in transistor arrays

(57) A transistor array comprising a first conductor layer defining a plurality of source conductors 2,4 and a plurality of
drain conductors 6, 8, 10, 12; the source and drain conductors are associated with a respective transistor. A
semiconductor layer 26 defines semiconductor channels between said source and drain conductors. A second
conductor layer defines a plurality of gate conductors 16 each associated with a respective set of transistors. One
or more storage capacitor conductors may be capacitively coupled to the drain conductors of a respective set of
transistors. The gate conductor may be used to switch the transistors between on and off states, whilst the storage

capacitor conductors are used to reduce the conductivity

of one or more portions of the semiconductor layer

connecting the drain conductor of each transistor in the on state to source and/or drain conductors other than those
associated with that transistor. The aim of this is transistor array is to reduce the parasitic leakage between

conductors.
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REDUCING PARASITIC LEAKAGES IN TRANSISTOR ARRAYS

Transistor arrays of increasing density {number of transistors per unit area} are used, for sxampls,
for producing increasingly high resolution display devices. B has been observed that the
performance of transistor arrays for a.g. controlling display devices can be affected by ieakage
currents between conduciors not associated with the same transistor via the semiconductor layer

that provides the semiconducting channels for the transistors.

One technigue aimed 8t reducing such ieakage currents involves patterning the semiconductor layer
so as to eliminate or reduce leakage paths in the semiconducting laver between conductors not

associated with the same transistor,

The inventors have identified the challenge of providing an alternative technigue for reducing

parasitic leakage currenis that either reduces or eliminates the nesd for patterning the

semiconductor laver,

There is hereby provided 3 method of operating a device comprising an array of transistors, whergin
the device comprises: a first conducior laver defining a plurality of source conductors, gach source
conductor associated with a respective group of transistors, and a3 plurality of drain conductors sach
associated with a respective transistor; 2 semizonductor layer defining semizonducior channels
betwesn said source and drain conductors for said arvay of transistors; a second conductor laver
defining a plurality of gate conductors sach associated with 2 respective set of transistors, and one
or more storage capaciior conductors capacitively coupled to at Izast 3 portion of the drain
conductors for a respective set of transistors; wherein the method comprises: using the gate
conductars 1o switch the transistors betwesn on and off states; and using the storage capacitor

conductors 1o reduce the conductivity of one or more portions of the semizonducior layer



connecting the drain conductor of gach transistor in the on state to source and/or drain conductors

cther than thoss associated with that transistor.

According to one embodiment, each drain conductor comprises 3 pad conductor connected by a line
conductor to a drain slectrode, and wherein said one or more storage capacitor conductors are

configurad to overlap with the whole of 3 perimeter portion of the semiconductor layer at the

perimeter of each pad conducior.

There is also hereby provided a device comprising an array of transistors, wherein the device
comprises a first conductor layer defining a plurality of source conduciors sach associatad with a
respective group of transistors, and a plurality of drain conductors sach associated with a respeciive
transistor; and a semiconductor layer providing the semiconductor channels for said array of
transistors; whersin gach source conductor is configured to lie between al conducting paths
between the group of drain conductors associated with that source conductor and 3l other source

conduciors via the semiconductor layer.

According to one embodiment, the group of draip conductors associated with & source conducior
extend in a first direction, and each source conductor comprises two line conduciors extending in

sald first direction on opposite sides of said group of drain conductors associated with the source

conductor.

According to one embodiment, sach source conducior comprises further conductors connecting said

two line conductors in regions between drain conductors associated with the source conductor.

According to one embodiment, the device further comprises a plurality of gate conductors, each
gate conductor is capacitatively coupled to the semiconducting channels for a respective set of
transistors, and is also capaciiatively coupled to a portion of the drain conductors for another set of
transistors whose semiconducting channels are capacitatively coupled to an adiacent gate

conductor; and wherein each source conductor comprises ong or more portions extending between

P



the drain conductors of adjacent transistors in the same group of transistors associated with the

same source conductor,

According to one embodiment, each source conductor wholly encompasses the drain conductors

associaled with the source conductor,

There is also hereby provided an apparstus for operating & davice comprising an array of transistors,
whereln the device comprises: a first conductor layer defining a plurality of source conductors, each
source conductor associaied with a respective group of transistors, and a plurality of drain
conductors each associated with a respective transistor; 2 semiconductor layver defining
semiconductor channels between said source and drain conductors for said array of transistors; a
second conductor layer defining 3 plurality of gate conductors each associated with a respective set
of transistors, and one or more storage capacitor conductors capacitively couplad to at least a
portion of the drain conductors for a respective set of transistors; wherein the apparatus is
configurad to apply different vollages 10 the gate conductors to switch the transistors betwesn on
and off states; and is further configured (0 apply 2 voltage to the storage capacitor conductors that
reduces the conductivity of one or more portions of the semiconductor layer connecting the drain
conductor of each transistor in the on state to source andfor drain conductors other than those

associated with that transistor.

According to one embodiment, each drain conductor comprises s pad conductor connected by 2 ling
conductor to a drain slectrode, and wherein said one or more storage capacitor conductors are

configured to overtap with the whole of a perimeter portion of the semiconductor laver at the

perimetsr of 2ach pad conductor.

Embodiments of the present invention are described hereunder in detall, by way of example only,

with reference 1o the accompanying drawings, in which:



Figure 1 #lustrates a configuration for the source and drain conductors of a transistor arrgy
according to an embodiment of the present invention, and Hlustrates a configuration for the storage

capacitor conductors of a transistor array according to an embodiment of the present invention;
Figure 2 ilustrates a cross-section through line A-A in Figure 1;

Figures 3 to 10 illustrate other configurations for the source and drain conductors of a transistor

array according to other embodiments of the present invention; and

Figure 11 schematically Hlustrates apparatus for controliing the voltages applied to the source and

gate conductors in any of Figures 1 to 10, and apperatus for generating vollages applied to the

common slectrode lings in Figures 1 and 2.

Transistor arrays may comprise & patterned conductor layer defining: an array of independent
source conductors and an array of independent drain conductors. Fach source conductor defines
the source electrodes for a respactive column of transistors, and provides 2 condurtive connection
between each transistor of the respective line of transistors o & terminal at the edge of the array.
Each drain conductor defings the drain electrode for 3 respective transistor. The drain conductors
may also provide relatively large areas conductor pads, which form storage capacitors with other
conducting elements of the transistor array such as common electrode (COM) fines.  Transistor
arrays may further comprise an organic semiconductor layer that provides the semiconducting
channels between the source conductors and the drain conductors, Transistor arrays may further
comprise a further patterned conductor layer defining an array of gate conduciors, sach gate
conductar defining the gats electrode for a respective row of transistors fwherein a row indicates a
ine of transistors extending in 3 direction substantially perpendicular to the columns of transistors
mentioned above). & method of operating the transistor array may comprise applying an on-vollage
e sach of the gate conductors in sequence {(whilst applving an off-voltage to all other gate

conductarsy; and whilst & gate conductor is “on”, applying respective voltages to the source

o



conductors to achieve the desired eleciric potential at the draln conductors of the transistors in the
row of transistors with which the "on” gate conductor is associated. ideally, the voltage applied to
any source conductor when a gate conductor is “on” does not substantially affect the electric
potential at the drain conductors of transistors associated with the other, “off” gate conductors

and/or transistors associated with the same "on” gate conductor bul associated with differsnt

source conductors.

Figures 1 and 2 fHustrate two sxamples of techniques for better isolating any transistor from

transistor{s] associated with different source conductors and/or gate conduciors,

Figure 1 schematically flustratas the patterning of two conductor layers of a transistor array
separated by a semiconducior laver 28, which provides the semiconducting channsls of the
transistors, and a gate dislectric iaver 28 which capacitatively couples the gate conduciors 1o the
semiconducting channels, A lower patterned conductor laver is formed on a subsirate {such a3 a
plastic substrate, e.g. PEN or PET} via a planarisation layer 24. The lower patternsd conductor laver

defines a set of source conductors 2, 4 and a set of drain conductars §, 8, 10 12,

The upper conductor laver defines a set of gate line conductors 18, and 2 set of COM line
conductors 18 arranged in alternating sequence. The gate conductors 16 overlap {via the gate
diglectric layer 28} with the portions of the semizonductor layer that connect tha source and drain

conductors where they are in closest proximity o each other.

Each drain conductor for & respective transistor comprises: {a) a drain electrode portion 6¢, 8e, 10c,
12c¢ in closest proximity (typleally fsss than about 20microns) to the source conductor associated
with the transistor; (b} a drain pad conductor Ba, b, 6¢, Bd providing & relatively large area
conductor for good capacitative coupling with ong of the COM line conductors 18; and () a narrow

fine conductor connecting the drain electrode to the drain conductor pad.



Conductive interiaver interconnects 14 connect sach drain pad conductor {via 3 respective hole 20 in
the overlying COM line conductor) to a respective pixal electrode 37 defined by a further patterned
conductor layer overlying the upper patterned conductor layer via an insulator layer 30, The pixel
electrodes 32 may be used, for example, 1o control the outpul of respective pixel portions of an

electrophoretic optical display media {not shownl.

Each COM line conductor 18 is configured to wholly overlap with the drain pad conductors for a
respective row of transistors, and to also overlap with the whols of the perimeter portions of the
semiconducior fayer encompassing the perimeter of the drain pad conductors. The nperation of the
transistor array according to one embodiment of the invention involves applving simultanesusly 1o
all COM line conductors 18 {including those COM line conductors adiacent to any gate line conductor
in an on-state} a vollage that significantly reduces viz a field effect the condustance of the
underiying portions of the semiconductor layer 26, According to one axample, the voltages applied
to the COM Hne conductors are the same as the "off” voltages applied to the gate line ronductors.
This reduction in the conductance of these portions of the semiconductor layer serves to better
isolate the drain conductor of a {ransistor from both {2) source conductors other than that
associated with the transistor, and also {b) drain conductors for other transistors associated with the
same source conductor {but with a different gate conductor),  In this example, an “off voltage is

continuously applled simultaneously to all COM Hines 18 as the gate lines 16 are tumned “on” in

sgquence.

Furthermore, each source conductor comprises {a) two conductor lines 2a, 2, 4a, 4b that (i} extend
in parallel on opposite sides of the drain conductors of the transistors with which the source
conductor is associated, and (i} connect to the same respective terminal st the edge of the
transistor array; and {b} connecting portions Ze, 4¢ that connect the two conductor fines in regions
between the drain conductors of the transistors with which the source conductor Is associated. In

the simple example Hlustrated in Figures 1 and 2, the connecting portions 2¢, 4¢ are also the portions



of the source conductors {source electrode portions) that are in closest proximity to the drain
conductors. The provision of each source conductor as two conductor lines on either side of the
drain conductors of the respective column of transistors serves to better isolate those drain
conductors from source conductoars associated with other columns of transistors.  In more detall,
this configuration of the source conductors can, for example, lead to better charging of the drain
conductars to the desired electric potential {such as, for example, the electric potential required to
switch the respective pixel portion of an electrophoretic display media to a different state), by
reducing the leakage of charge from the drain conductor to a neighbouring source conductor {i.e. 8

source conductor for 3 neighbouring column of transistors) driven at a different voltage.

Furthermore, the provision of each source conductor for a raspective column of transistors as two
paralisl Hne conductors connecied to the same terminal at the edge of the array and cannectad to
each other at intervals by the connecting portions 3¢, 4¢ has the additional advantage that the
source electrodes of each of the column of transistors remain connected 1o the respective source
terminal 8t the edge of the array even in the event of a failure of one of the two source line

conductors.

Figure 3 schematically Hlustrates an abernative technigue for isolating drain conductors from one
ancther. The transistor array of Figure 3 is partly characterised by the absence of COM line
conductors at the same level as the gate conductors 52, Instead, the reguived storage capacitance is
achieved by configuring the drain conductor 44, 46, 48, 50 for each transistor such that it comprises
# drain pad conductor {44a, 486z, 48a, 50a) that is capacitatively coupled to a gate conductor
adjacent to the gate conductor associated with the transistor.  The drain conductor pad for sach
transistor is connected via a Hine conductor to & drain electrode portion 44k, 485 in closest proximity
{e.g. less than about 20 microns} to the source conductor 48, Similarly to the arrangement shown in
Figures 1 and 2, Interlayer interconnects 54 connect the drain pad conductors to & respectively

overlying pixei conductor via a respective hole in the gate line conductors 52,



in Figure 3, the source ronductor 40, 42 for sach column of transistors comprises two line
conductors {40 and 40b, 42a and 42b} extending in paraliel on opposite sides of the respective
cotumn of transistors with which the source conductor is associated.  This arrangement servas to
better isolate each drain conductor from the source conductors associated with adjacent columns of

transistors,

fn Figure 3, each source conductor 40 for a raspactive column of transistors is configured to have
isolating portions 40c that extend between {i} the drain slecirode portion 44b, 48b of & transisior
having a semiconducting channel capacitatively coupled with a gate vonductor 52, and (i) the drain
conductor pad {for an adiacent transistor in the same column of transistors) capacitatively coupled
with the same gate conducior. These BBolating portions 40¢ extend substantially the whole length of
the drain conductor pad in the direction in which the column of transistors extends; and serve to
better isolate gach drain conductor in that column of transistors from adjacent drain condustors in

the same column of transistors,

The configuration schematically Hustrated in Figure 4 i3 the same as that Mustrated by Figure 3
except that the lsolating portions 40¢, 42c extend from the one of the two source line conductors
opposite 1o the source ling conductor that defines the source electrode portions, 1.2, the portions of

the source conductor that are in closest proxinity to the drain conductors.

in the arrangement schematically Hlustrated in Figure 50 & lower patterned conductor laver again
defines the sourcs and drain conductors for the array of transistors; but the source conductors for
each raspective column of iransistons are configurad as relatively wide line conductors 628, 625 that
define a substantially circular hole for each transistor; and the drain conductor for each transistor is
defined as a substantially circutar istand conductor 64a-647 that fies wholly within the respective hole,
and is centred on the centre of the respective hole.  The diagona! hashing in Figure 5 iHustrates the
iocation of the annular semiconducting channel for each transistor,  Inferaver interconnects 68

provide conductive connections from the drain conductors 64 to 3 respective overlying pixel



conductor {not shown) via respective holes in the gate conductors 60s, 50k, 80¢. The arrangsment
shown in Figure 5 also serves to Better isolate the drain conductor pads from both {3} adjacent drain
conductors associated with the same source conductor {ie. drain conductors of transistors in the

same column of transistors) and {b} source conductors associated with adjacent columns of

transistors,

Figure & schematically fliustrates a similar arrangement 1o that Hustrated in Figure 5 except that i
employs angular structures. The source conductors 62 define substantially square or rectangular
holes, antd the substantially square or ractangular source conductors gach He wholly within a

respective hole.

The arrangement schematically flustrated in Figure 7 is the same as that schematically Hlustrated in
Figure 5, ewcapt that both the holes in the source conductors 62a, 82b and the island drain
conductors are configured 5o as 1o increase the Wil ratio of the transistors; wherein L is the channel
tength {Le. the shortest distange betwesen the source and drain conductors) and W is the length of
the semiconducting channel over which the source and drain conductors are separated by this
shortest distance.  In Figure &, the Wil ratio is increased by patterning the island drain conductors
and the portlons of the source conductor fines defining the holes such that the island drain
conductors include outwardly radially extending projections 72 that extend into spaces defined by

sirmilar inwardly radially projections 70 defined by the source conductors.

The arrangement schematically iustrated in Figure 8 is the same as that schematically Hlustrated in
Figure 7, swcept that both the holes In the source conductors 832, 83b and the island drain
conductors have a substantially square or rectangular shape instead of a substantially circular shape.
An increase in the Wil ratlo is achisved in the same way as in Figure 8 by means of complementary

projections at the edges of the source and drain conductors.



The arrangements schematically Hustrated in Figures 3 and 10 are similar to those Hlustrated in
Figures 5 to B, expect that an increase in the WiL ratio is achieved by patterning the island drain
conductor and the source conductors such that both conductors defing interdigitated fingers 74, 78

that mainly extend around the centre of the island drain conductor,

In each of the arrangements Hustrated in Figures 5 to 10, sach drain conductor is connected to a
respective pixel conductor via the interaver interconnects 88; and in contrast to the arrangement
shown in Figures 1 and 3, the pixel conductor associated with each TFT has at least a portion that fes
directly above the gate Hne used to control the conductance of the semiconducting channel of that
TFY {e.g. batween on and off states).  In order to substantially eliminate any capacitative coupling
between the pixe! conductor and the gate conductor for each TFT, a conductive, screening taver {not
shown} is provided between the conductive layer defining the gate lines 80 and a top condustive
fayer defining the array of pixel conductors. The screening layer is a substantially continuous laver,

except that it defines holes for the interlayer interconnects 68 between the drain conductors and

the respective pixael conductors,

The semiconducior laver 36 may be a continuous, unpatterned laver that extends over the entire
footprint of the transistor array, or the ahove-described technigues can be used in combination with
some patterning of the semiconductor faver.  For example, the semiconductor layer could be
patierned by laser ablation using as 3 mask the conductor laver that defines the gate conductor lines
and/or COM conductor linegs. In any case, the above-deseribed technigues make i possible o
achieve at lzast the same level of isolation {reduction of parasitic leakage nathways) with less or no
patierning of the semiconductor fayer.  When the patterning of the semiconductar layer would
otherwise be carried out by eg. laser ablation, the need for less or no patterning of the
semiconductor layer 28 can have the advantages of producing less detrimental daebris and less
variation in the amount of isclation across the transistor array, Furthermore, in the case of a o

gate transistor array, the complete elimination of 3 semiconductor patterning step can have the

ig



advantage of reducing the waif time batween deposition of the semiconductor and the deposition of
the averlying gate dielectric. This reduction in wait time can lzad to better performance by reducing
the length of time for which the critical part of the semiconductor layer {Le. the part that forms the
critical interface with the gate dielectric laver} is potentially exposed to harmful debris, moisture or

air.

Figure 11 illustrates one example of apparatus for controliing the voltages applied to the source
conductors and gate conductors. The apparatus includes a driver integrated circuit {IC) 80, The
single chip driver IC 80 comprises & gate driver block B8, & source driver block 88, 3 logic block 82
and a memory block 84, The functions of the logle block 82 include: interfacing betwesn the driver
o BD and a main processing unit (MPUY; transferring data to and from the memory 84; co-ordinating
the signals applied by the gate and source driver blocks to the gate and source conductors; and
controliing the transfer of cutput data to the source driver.  The driver i€ 80 may include other
blocks, Flgure 131 also schematically Blustrates & high voltage generator 100 for generating a
commaon “off” voltage for applying simultaneously to all COM lines 18 in the devices of Figures 1 and

2. in this example, the COM Hnes 18 are driven directly from the high voitage power generator,

in addition to the modifications explicitly mentioned above, it will be evident to a person skilled in
the art that various other modifications of the described embodiment may be made within the

scope of the invention.

The applicant hereby discloses in isolation sach individual festure described herein and any
combination of two or more such features, 1o the sxtent that such features or combinations are
capable of being carried out based on the present specification as & whole in the fight of the
common ganeral knowledge of a person skilied in the art, rrespective of whether such features or
combinations of festures solve any problems disclosed herein, and without fimitation to the scope of
the claims. The applicant indicates that aspecis of the prasent invention miay consist of any such

individual featurs or combination of features,
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L A method of operating & device comprising an array of transistors, wherein the device
comprises: a first conductor layer defining a plurality of source conductors, sach source conductor
associated with a respective group of transistors, and a plurality of drain conductors sach associated
with a respective transistorn; 3 semiconducior laver defining semiconductor channels betwsen said
source and drain conductors for said array of transistors; 2 second conductor layer defining a
plurality of gate conductors each associated with a respective set of transistors, and one or more
storage capacitor conductors capacitively coupled to at least 2 portion of the drain conductors for a
respactive set of transistors; wharein the method comprises: using the gate conductors to switch the
transistors between on and off states; and using the storage capachor conductors to reduce the
conductivity of ang or more portions of the semiconducior layer connecting the drain conducior of
each transistor in the on state to source and/or drain conductors other than those associated with

that transistor,

2. A methed according to claim 1, wherein each drain conductor comprises a pad conductor
connected by a line conductor {o 3 drain elecirede, and wherein sald one or more storage capacitor
conductors are configured 1o overlap with the whole of a perimeter portion of the semiconductor

fayer at the perimeter of gach pad conductor.

3. A device comprising an array of transistors, wherein the device comprises a first conductor
layer defining a plurslity of source conductors each associsted with 2 respective group of transistors,
and a plurality of drain conductors each associated with 3 respective transistor; and a semiconductor
tayer providing the ssmiconductor channels for sald array of transistors; wherein each source
conductor is configured to lis between all conducting paths betwesn the group of drain conductors

associated with that source conducior and all other source conductors via the semiconductor layer.



4, A device according to claim 3, whersin the group of drain conductors associated with a
source conductor extend in a first direction, and gach source conductor comprises two line
conductors extending in said first direction on opposite sides of said group of drain conductors

associated with the source conductor.

5. A device according to claim 4, wherein each source conductor comprises further conductors
connecting said two line conductors in regions betwesn drain conductors associated with the source

conductor,

G. & device according 1o daim 4, wherein the device further comprises a plurality of gate
conductors, each gate conductor is capaciiatively coupled to the semiconducting channels for a
respective set of transistors, and is ziso capaciiatively coupled to 2 portion of the draln conductors
for ancther set of transistors whose semiconducting channels are capacitatively coupled 1o an
adjscent gate conductor; and whereln sach source conductor comprises one or more portions
extending between the drain conductors of adjacent transistors in the same group of transistors

associated with the same source canductor.

7. & device according to claim 3, wherein sach source conductor wholly encompasses the drain

conductors associated with the source conductor.

8. Apparatus for operating a device comprising an array of transistors, whergin the device
camprises: 3 first conductor layer defining a plurality of source conduciors, each source conducior
associated with a respeotive group of transistors, and a plurality of drain conductors each associated
with a respective transistor; 2 semiconductor laver defining senviconductor channels between said
source and drain conduciors for sald array of transisiors; a second conductor laver defining &
plurality of gate conduciors each associated with a respective set of transistars, and one or more
storage capacitor conductors capacitively coupled 1o at least a portion of the drain conductors for a

respective set of transistors; wherein the apparatus is configured to apply different voltages to the

i3



gate conductors to switch the transistors between on and off states; and is further configured ©
apply & voltage to the storage capacitor conductors that reduces the conductivity of one or more
portions of the semiconductor layer connecting the drain conductor of each transistor in the on

state 1o source and/or drain conductors ather than those associated with that transistor.

g, Apparatus according to claim §, wherein sach drain conductor comprises a pad conductor
connected by a Hne conductor to a drain electrode, and wherein said ong or more storage capacitor
conductors are configured to overlap with the whole of 3 perimeter portion of the semiconductor

fayer at the perimater of each pad conductor.
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