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DISPLAY DEVICE AND DRIVING METHOD FOR DISPLAY DEVICE

Abstract:

Abstract of JP2004258172

PROBLEM TO BE SOLVED: Tc deter delay due to parasitic capacity. in a

display device and a driving method for the same.
SOLUTION: In the display device, with respect to respective pixels

P&lt;SB&gt;1.1&lt;/SB&gt;to P&lt;SB&gt;m.n&lt;/SB&gt;of an organic EL display
panel 2, a potential V&lt;SB&gt;HIGH&lt;ZSB&gt;which is relatively high in level as

usual is applied to power source scanning lines Z&It;SB&gt;1&It;/SB&gt;to
Z&lt;SB&gt;n&lt;!SB&gt;in a selection period T&lt;SB&gt;SE&lt;/SB&gt;and a

potential V&lt;SB&gt;LOW&It;lSB&gt;which is relatively small in level to make the
drain-source voltage level V&lt;SB&gt;DS&lt;/SB&gt;of a transistor 23 an

unsaturable region is applied to power source scanning lines 21 to Zn in a
nonselection period T&lt;SB&gt;NSE&It;lSB&gt;. With this potential
V&lt;SB&gt;LOW&It;/SB&gt;, the drain-source current level
|&lt;SB&gt;DS&lt;/SB&gt;of the transistor 23 becomes tens of nA to several

[mu]A, or very small.
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Information Disclosure Statement Customer No. 01933
Application Serial No. 11l235.5?9

Attorney Docket No. 05644ILH Thislpaper is being
aggrglized2gsg EFS—lrleb on

IN THE UNITED STATES PATENT g_,_
AND TRADEMARK OFFICE In the event that this Paper

is late filed, and the
necessary petition for

Applicanfls) I Tomoyuki SHIRASAKI, et 3'. extension of time is not
filed concurrently herewith,

. please consider this as a
sena' NO- 11l235,579 Petition for the requisite

extension of time, and to
' . the extent not already paid,

confirm' N0. ' 3394 authorization to charge the
extension fee to Account

Filed : September 26, 2005 NO- 06713??? in addition,
authorization is hereby
given to charge any fees for

For I DISPLAY PANEL which payment has not been
submitted, or to credit any

Art Uhlt : 2814 ggeigggrnents, to Account No.

Examiner : Long Pham

INFORMATION DISCLOSURE STATEMENT

UNDER 37 C.F.R. 1.97M)
WITH STATEMENT UNDER 37 C.F.R. 1.971efl1l AND FEE

Commissioner for Patents
PO. Box 1450

Alexandria, VA 22313-1450

SIR:

It is respectfully requested that the Examiner consider and make of record the document(s) listed on the
attached Information Disclosure Statement form. Copy(ies) of the cited document(s), except for US.
patent documents. islare submitted herewith. English language abstracts andfor English translations or

partial translations are provided for foreign language documents where indicated on the attached IDSorm.

CITED DOCUMENTS

Documents listed on the attached IDS form were cited in an lntemational Search Report (copy
submitted herewith) , or in a Search Report or Office Action (copy submitted herewith) issued in
a counterpart foreign application.

Said Search Report or Office Action is in English or an English language translation of
said Search Report or Office Action is submitted herewith. thereby satisfying the
requirement for a concise explanation of relevance for any non-English language
documents cited therein.

E English language family members of cited foreign language documents areprovided as follows:

USP 6,839,057 listed on the attached IDS Form is a patent family member of
JP 2003-076327 which is cited in the Japanese Office Action dated April 30, 2008.

USP 7,358,529 listed on the attached IDS Form is a patent family member of
WO 03l079441 which is cited in the Japanese Office Action dated April 30, 2008.
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Information Disclosure Statement Customer No. 01933
Application Serial No. 11f235.579

NOT A RESPONSE TO OFFICE ACTION

This paper is n_ot a response to the outstanding Notice of Allowance mailed May 30,
2008. The Issue Fee will be timely filed in due course.

STATEMENT UNDER 37 CFR1.97(e)

Each item of information contained in this Information Disclosure Statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of this Information Disclosure Statement. (37 CFR 1.97(e)(1))

FEES

D No fee is believed to be required.

El The fee of $180 set forth in 37' CFR 1.170)) is being paid by credit card herewith.
Authorization is hereby given to charge any fee which is determined to be required and for which
payment has not been submitted, and to credit any overpayment, to Account No. 06-1378.
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J P2001195008

Publication Title:

DISPLAY DEVICE AND METHOD FOR MANUFACTURING DISPLAY DEVICE

Abstract:

Abstract of JP2001195008

PROBLEM TO BE SOLVED: To provide a display device of an active matrix type
which can assure the light emitting intensity of display elements within a display
surface and can improve display performance. SOLUTION: This display device
has lower electrodes 10 which are patterned and formed by each of respective
pixels a, organic layers 11R, 116 and 118 which have at least organic light
emitting layers and are disposed in the state of covering the lower electrodes 10
and upper common electrodes 12 which are disposed on the organic layers 11R,
116 and 118 in the state of covering all the pixels a. The device described above
is provided with ribs 14 which are the spacers of a mask to be used in patterning
and forming the organic layers 11R, 116 and 113 as auxiliary wiring connected
to the upper common electrodes 12 between the respective pixels 3 under the

upper common electrodes 12. As a result, the voltage drop of the upper common

electrgldes 12 is suppressed and the space saving between the pixels a is madepossn e.
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JP2002352963

Publication Title:

DISPLAY DEVICE

Abstract:

Abstract of JP2002352963

PROBLEM TO BE SOLVED: To obtain a display device which has proper
contrast by preventing outdoor daylight reflection by auxiliary wiring, in the
display device prepared by auxiliary wiring between light-emitting elements-
SOLUTION: The display device is constituted with the light-emitting element 13
arranged on a substrate 1, in a state of an organic EL layer 11 being equipped
with an organic light-emitting layer is sandwiched between a 1st electrode 7, and
a 2nd electrode 12, which consists of a light-transmitting material, and the
auxiliary electrode 9 arranged in a state of its being connected with the 2nd
electrode 12 between the light-emitting elements 13, where the surface of the
auxiliary electrode 9 is covered by a light-absorbing layer 10.
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J P2003076327

Publication Title:

DRIVING CIRCUIT OF CURRENT DRIVEN ELEMENT, DRIVING METHOD
AND IMAGE DISPLAY DEVICE

Abstract:

Abstract of JP2003076327

PROBLEM TO BE SOLVED: To reduce the adverse effect caused by a parasitic
capacitor connected to a signal line of a driving circuit which drives current driven
elements such as organic EL (light emitting) being assembled into an active
matrix type image display device or the like and to drive the elements with an
appropriate current even though a signal current is minute. SOLUTION: An
auxiliary transistor 12 having an n times current driving capability of a driving
transistor 7 is connected to the transistor 7 in parallel. In a portion (an
acceleration interval) of a selection interval. a drain current is made to flow in the
transistor 12 also and a signal current itself, which flows in a signal line 3, is
made to (n+1) times.
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Publication Title:

ACTIVE MATRIX SUBSTRATE, ELECTROOPTIC DEVICE, MANUFACTURING

METHOD FOR ELECTROOPTIC DEVICE, AND ELECTRONIC EQUIPMENT

Abstract:

Abstract of JP2003186420

PROBLEM TO BE SOLVED: To provide an active matrix substrate in which
resistance of a counter counter electrode is reduced to make an electrooptic

device large-sized and highly fine, the electrooptic device, a manufacturing
method for the electrooptic device, and electronic equipment.

SOLUTION: On a base body having an active element, the electrooptic device
has a plurality of pixel electrodes 141 partitioned by a partition wall 150 made of
an insulating material, a laminate including a light emission layer 1408 arranged
on the pixel electrodes 141, and a counter electrode 154 arranged on the
laminate. On the partition wall 150, a conductive part 151 is arranged which is
insulated from the pixel electrodes 141. This conduction part 151 is connected to
the counter electrode 154.
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ACTIVE MATRIX DISPLAY DEVICES, AND THEIR MANUFACTURE

Abstract:

Abstract of W00307944‘l

Physical barriers (210) are present between neighbouring pixels (200) on a
circuit substrate (100) of an active—matrix display device, such as an
electroluminescent display formed with LEDs (25) of organic semiconductor
materials. The invention forms at least parts of the barriers (210) with metal or
other electrically-conductive material (240) that is insulated (40) from the LEDs
but connected to the circuitry (4, 5, 6, 9, 140, 150, 160, T1, T2, Tm, Tg, Ch etc.)
within the substrate (100). This conductive barrier material (240) may back up or
replace, for example, matrix addressing lines (150) and/or form an additional
component either within the pixel array or outside. The additional component
comprising the conductive barrier material (240) is advantageously a capacitor
(Ch), or an inductor (L) or transformer (W), or even an aerial.
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DESCRIPTION

ACTIVE MATRIX DISPLAY DEVICES, AND THEIR MANUFACTURE.

This invention relates to active-matrix display devices, particularly but

not exclusively electroluminescent displays using light—emitting diodes of

semiconducting conjugated polymer or other organic semiconductor materials.

The invention also relates to methods of manufacturing such devices.

Such. active—matrix electroluminescent display devices are known,

comprising an array of pixels present on a circuit substrate, wherein each pixel

comprises an electroluminescent element, typically of organic semiconductor

material. The electroluminescent elements are connected to circuitry in the

substrate, for example drive circuitry that includes supply lines and matrix

addressing circuitry that includes addressing (row) and signal (column) lines.

These lines are generally formed by thin-film conductor layers in the substrate.

The circuit substrate also includes addressing and drive elements (typically

thin—film transistors, hereafter termed “TFT"s) for each pixel.

In many such arrays, physical barriers of insulating material are present

between neighbouring pixels in at least one direction of the array. Examples

of such barriers are given in published United Kingdom patent application

GB-A-2 347 017, published PCT patent application WO-A1-99/43031,

published European patent applications EP-A-0 895 219, EP-A-1 096 568, and

EP—A-‘l 102 317, the whole contents of which are hereby incorporated herein

- as reference material.

Such barriers are sometimes termed "walls", "partitions", "banks", "ribs",

“separators", or "dams", for example. As can be seen from the cited

references, they may serve several functions. They may be used in

manufacture to define electroluminescent layers and/or electrode layers of the

individual pixels and/or of columns of pixels. Thus, for example, the barriers

prevent pixel overflow of conjugate polymer materials that may be ink-jet

printed for red, green and blue pixels of a colour display or spin-coated for a

SAMSUNG EX. 1002 - 255/899
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monochrome display. The barriers in the manufactured device can provide a

well-defined optical separation of pixels. They may also carry or comprise

conductive material (such as upper electrode material of the

electroluminescent element), as auxiliary wiring for reducing the resistance of

(and hence the voltage drops across) the common upper electrode of the

electroluminescent elements.

Active-matrix liquid-crystal displays (AMLCDs) similarly comprise a

circuit substrate on which an array of pixels is present. In the AMLCD case,

upstanding spacers (pillars, for example) are present on the circuit substrate

between at least some of the neighbouring pixels. These spacers support the

overlying opposite plate of the display over the active-matrix circuit substrate to

define the cell spacing in which the liquid crystal material is accommodated.

For the purpose of the present invention when applied to AMLCDs, the

spacers/pillars between pixels of an AMLCD will be compared with the barriers

between pixels of an active-matrix electroluminescent display (AMELD) and

will be termed "barriers".

It is an aim of the present invention to exploit, develop. adapt and/or

extend particular features of active—matrix display devices, so as to permit

improvement and/or enhancement of the performance and/or capabilities of

the device in a manner that is compatible with the basic device structure. its

layout and its electronics.

According to one aspect of the present invention, there is provided an

active—matrix display device (for example an AMELD or an AMLCD) having the

features set out in Claim 1.

in accordance with the invention, the physical barriers between pixels

are used to provide connections into andfor out of the circuit substrate, and

may provide additional components of the device.

Thus, these pixel barriers are partly (possibly even predominantly) of

electrically-conductive material, typically metal. This conductive barrier

material is connected with a circuit element within the circuit substrate, while

also being insulated at least at the sides of the barriers adjacent to the pixel

SAMSUNG EX. 1002 - 256/899



SAMSUNG EX. 1002 - 257/899

W0 03f079-I-‘Il PCTIIBUJIINIG‘J‘J

IO

15

20

25

30

3

display elements. The said circuit element in the circuit substrate may take a

variety of forms, depending on the particular improvement or enhancement or

adaptation being made. Typically, it may be one or more thin-film elements of

the group comprising: a conductor layer; an electrode connection; a supply

line; an addressing line; a signal line; a thin-film transistor; a thin-film capacitor.

Much versatility is possible in accordance with the invention. Various

structural features can be adopted for the pixel barriers. Thus, the conductive

barrier material may extend as, for example, a line across the array, or it may

be localised to, for example, individual pixels or groups of pixels or to other

device areas.

Where the conductive barrier material is used to form an additional

component, that component may be formed inside or outside the pixel array.

As compared with connecting an external component, the integration of this

additional component with pixel barrier technology can be used toenhance

device performance at reduced cost and in compact areas within the display

device.

At least some lengths of the conductive barrier material may simply

serve as a back-up or even as a replacement for at least part of a thin-film

conductor line of the circuit substrate, for example an address (row) line, a

signal (column) line or a supply line. Thus, the conductive barrier material may

provide (or at least back up) the addressing lines (row conductors) over most

of their length to reduce voltage drops along the addressing lines. In a case

such as this, the barriers may be predominantly of conductive material

(typically metal), or they may be predominantly of insulating material with a

conductive coating.

Barrier structures used in accordance with the invention may be

constructed with a metal core. This metal core can be used in various ways.

The metal core may itself provide the conductive barrier material that is

connected with the circuit element in the substrate. It may have an insulating

coating on at least its sides.

A metal coating can be provided on an insulating coating on the metal

core. This metal coating may be connected to another circuit element. In one

SAMSUNG EX. 1002 - 257/899
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particularly useful form, the metal core, insulating coating and metal coating

may together form a capacitor, for example an individual holding capacitor for

each respective pixel. Thus, the pixel barriers may comprise separately

insulated lengths, one or more of which may provide a capacitor having this

metal-insulator coated barrier structure.

However, the metal core does not need to be connected to a circuit

element in the substrate. Thus, for example, when the barrier comprises a

metal coating on an insulating coating on a metal core of the barrier, the metal

coating may provide the conductive barrier material that is connected with the

circuit element in the substrate. The metal core may be, for example, a

ferromagnetic core of an inductor or transformer that is integrated in this

manner into the display device.

Thus, the barriers may comprise separately insulated portions, one or

more of which provide a capacitor, an inductor or a transformer having these

coated barrier structures. This separate capacitor or inductor or transformer

length may be located within the pixel array, or it may be located outside the

pixel array but still formed on the circuit substrate in the same process steps

as the pixel barriers.

Other separately insulated conductive portions of the barriers may serve

different functions. They may be used, for example, to back-up or to replace

conductor lines of the circuit substrate and/or to form interconnections.

Instead of using a metal core, a metal coating of the barrier may be

used to provide the conductive barrier material that is connected with the

circuit element in the substrate.

According to another aspect of the present invention, there are also

provided advantageous methods of manufacturing such an active—matrix

display device.

Various advantageous features and feature-combinations in

accordance with the present invention are set out in the appended Claims.

These and others are illustrated in embodiments of the invention that are now

SAMSUNG EX. 1002 - 258/899
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described, by way of example, with reference to the accompanying

diagrammatic drawings, in which:

Figure 1 is a circuit diagram for four pixel areas of an active-matrix

electroluminescent display device which can be provided with conductive

barrier material in accordance with the invention;

Figure 2 is a cross—sectional view of part of the pixel array and circuit

substrate of one embodiment of such a device, showing one example of a

conductive barrier construction connected to a TFI' source or drain line in

accordance with the invention;

Figure 3 is a cross—sectional view of part of the pixel array and circuit

substrate of a similar embodiment of such a device, showing another example

of a conductive barrier construction connected to a TFT gate line in

accordance with the invention;

Figure 4 is a circuit diagram, similar to that of Figure 1, but showing the

use of pixel barriers with conductive barrier material to replace most of the

addressing lines;

Figure 5 is a cross-sectional view through side-by-side barriers, each

with conductive barrier material for a particular embodiment of a device in

accordance with the invention,

Figure 6 is a plan view of four pixel areas showing a specific example of

layout features for a particular embodiment of a device in accordance with the

invention, with side—by—side conductive barriers, for example, with the

cross—sectional view of Figure 5 taken on the line V-V of Figure 6;

Figure 7 is a plan view of another example of layout features for a

particular embodiment of a device in accordance with the invention, with

transverse conductive barriers; _

Figure 8 is a sectional view of a device part with yet another example of

a conductive barrier construction using a metal coating in accordance with the

invention;

Figure 9 is a cross—sectional view of a conductive barrier construction

that additionally includes a metal coating to form a capacitor embodiment in

accordance with the invention;

SAMSUNG EX. 1002 - 259/899
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Figure 10 is a plan view of transverse barrier layout features suitable for

a device having such a capacitor embodiment in accordance with the

invention;

Figure 11 is a cross—sectional View of a conductive barrier construction

in an inductor embodiment in accordance with the inventionj

Figure 12 is a plan View of layout features suitable for such an inductor

embodiment;

Figure 13 is a plan view of layout features suitable for a transformer

embodiment, having a cross-section similar to that of Figure 12;

Figures 14 to 16 are sectional views of a device part such as that of

Figure 2 or Figure 3 at stages in its manufacture with one particular

embodiment in accordance with the invention; and

Figure 17 is a sectional view a device part at the Figure 16 stage,

illustrating a modification in the insulation of the conductive barrier material

that is also in accordance with the present invention.

It should be noted that all the Figures are diagrammatic. Relative

dimensions and proportions of parts of these Figures have been shown

exaggerated or reduced in size, for the sake of clarity and convenience in the

drawings. The same reference signs are generally used to refer to

corresponding or similar features in modified and different embodiments.

Embodiments of Figures 1 to 3

The active-matrix electroluminescent display (AMELD) device of each of

the Figures 1 to 3 embodiments comprises an array of pixels 200 on a circuit

substrate 100 with matrix addressing circuitry. Physical barriers 210 are

present between at least some of the neighbouring pixels in at least one

direction of the array. At least some of these barriers 210 are constructed with

conductive barrier material 240 that is used as an interconnection in

accordance with the present invention. Apart from this special construction

and use of the barriers 210 in accordance with the present invention, the

display may be constructed using known device technologies and circuit

technologies, for example as in the background references cited hereinbefore.

SAMSUNG EX. 1002 - 260/899
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The matrix addressing circuitry comprises transverse sets of addressing

(row) and signal (column) lines 150 and 160, reapectively, as illustrated in

Figure 1. An addressing element T2 (typically a thin-film transistor, hereafter

termed "TFT") is incorporated at each interception of these lines 150 and 160.

Figure 1 depicts, by way of example, one specific pixel circuit configuration.

Other pixel circuit configurations are known for active matrix display devices,

and it should readily be understood that the present invention may be applied

to the pixel barriers of such a device regardless of the specific pixel circuit

configuration of the device.

Each pixel 200 comprises a current-driven electroluminescent display

element 25 (21 ,22,23), typically a light-emitting diode (LED) of organic

semiconductor material. The LED 25 is connected in series with a drive

element T1 (typically a TFT) between two voltage supply lines 140 and 230 of

the array. These two supply lines are typically a power supply line 140 (with

voltage Vdd) and a ground line 230 (also termed "return line"). Light emission

from the LED 25 is controlled by the current flow through the LED 25, as

altered by its respective drive TFT T1 .

Each row of pixels is addressed in turn in a frame period by means of a

selection signal that is applied to the relevant row conductor 150 (and hence to

the gate of the addressing TFTs T2 of the pixels of that row). This signal turns

on the addressing TFT T2, so loading the pixels of that row with respective

data signals from the column conductors 160. These data signals are applied

to the gate of the individual drive TFT T1 of the respective pixel. in order to

hold-the resulting conductive state of the drive TFT T1, this data signal is

maintained on its gate 5 by a holding capacitor Ch that is coupled between this

gate 5 and the drive line 140,240. Thus, the drive current through the LED 25

of each pixel 200 is controlled by the driving TFT T1 based on a drive signal

applied during the preceding address period and stored as a voltage on the

associated capacitor Ch. In the specific example of Figure 1, T1 is shown as a

P-channel TFT, whereas T2 is shown as an N—channel TFT.

This circuitry can be constructed with known thin-film technology. The

substrate 100 may have an insulating glass base 10 on which an insulating

SAMSUNG EX. 1002 - 261/899
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surface-buffer layer 11, for example, of silicon dioxide is deposited. The

thin-film circuitry is built up on the layer 1 1 in known manner

Figures 2 and 3 show TFT examples Tm and T9, each comprising: an

active semiconductor layer 1 (typically of polysilicon); a gate dielectric layer 2

(typically of silicon dioxide); a gate electrode 5 (typically of aluminium or

polysilicon); and metal electrodes 3 and 4 (typically of aluminium) which

contact doped source and drain regions of the semiconductor layer 1 through

windows (vias) in the over-lying insulating layer(s) 2 and 8. Extensions of the

electrodes 3, 4 and 5 may form, for example, interconnections between the

elements T1, T2, Ch and LED 25, and/or at least part of the conductor lines

140, 150 and 160, depending on the circuit function provided by the particular

TFI' (for example, the drive element T1 or the addressing element T2 or

another TFT of the circuit substrate). The holding capacitor Ch may be formed

similarly, in known manner, as a thin-film structure inside the circuit substrate

100.

The LED 25 typically comprises a light-emitting organic semiconductor

material 22 between a lower electrode 21 and an upper electrode 23. In a

preferred particular embodiment, semiconducting conjugated polymers may be

used for the electroluminescent material 22. For a LED that emits its light 250

through the substrate 100, the lower electrode 21 may be an anode of indium

tin oxide (lTO), and the upper electrode 23 may be a cathode comprising, for

example, calcium and aluminium. Figures 2 and 3 illustrate a LED

construction in which the lower electrode 21 is formed as a thin film in the

circuit substrate 100. The subsequently—deposited organic semiconductor

material 22 contacts this thin—film electrode layer 21at a window 12a in a

planar insulating layer 12 (for example of silicon nitride) that extends over the

thin-film structure of the substrate 100.

As in known devices. the devices of Figures 1 to 4 in accordance with

the present invention include physical barriers 210, between at least some of

the neighbouring pixels in at least one direction of the array. These barriers

210 may also be termed "walls", "partitions", ”banks", "ribs", "separators“, or
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"dams", for example. Depending on the particular device embodiment and its

manufacture, they may be used in known manner, for example:

. to separate and prevent overflow of a polymer solution between the

respective areas of the individual pixels 200 and/or columns of pixels

200, during the provision of semiconducting polymer layers 22;

o to provide a self-patterning ability on the substrate surface in the

definition of the semiconducting polymer or other electroluminescent

layers 22 for the individual pixels 200 and/or for columns of pixels

200 (and possibly even a self-separation of individual electrodes for

the pixels, for example an individual bottom layer of the upper

electrodes 23);

. to act as a spacer for a mask over the substrate surface during the

deposition of at least an organic semiconductor material 22 andlor

electrode material;

a to form opaque barriers 210 for a well—defined optical separation of

the pixels 200 in the array, when light 250 is emitted through the top

(instead of, or as well as, the bottom substrate 100).

Whatever their specific use in these known ways, at least some

insulated lengths of the physical barriers 210 in embodiments of the present

invention are constructed and used in a special manner. ThLIs, the pixel

barriers 210 of Figures 2 to 4 comprise metal 240 (or other electrically-

conductive material 240) that is insulated at their sides adjacent the LEDs 25

and that are connected to and/or from one or more circuit elements of the

circuit substrate 100. This circuit element may take a variety of forms,

depending on the particular improvement or enhancement or adaptation being

made. Typically, it may be one or more thin—film elements of the group

comprising: a conductor layer andior an electrode connection 4, 5, 6; a supply

line 140; an addressing line 150; a signal line 160; a thin-film transistor T1, T2,

Tm, Tg; a thin—film capacitor Ch.

In the embodiment of Figure 2, the circuit element connected to the

conductive barrier material 240 is an extension of the source and/or drain

electrode of TFT Trn. It may form a signal (column) line 160, for example, of
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the substrate circuitry when Tm is T2, or a drive line 140 when Tm is T1. In

the embodiment of Figure 3, the circuit element connected to the conductive

barrier material 240 is an extension of the gate electrode 5 of TFT Tg. It may

form an addressing (row) line 150, for example, of the substrate circuitry when

T9 is T2.

The pixel barriers 210 in the embodiments of Figures 2 to 4 are

predominantly of electrically-conductive material 240, 240x, preferably metal

for very low resistivity (for example aluminium or copper or nickel or silver).

The barriers 210 of Figures 2 and 3 comprise a bulk or core of the conductive

material that has an insulating coating 40 on its sides and on its top.

As shown in Figures 2 and 3, the bottom connections of the conductive

barrier material 240 to the circuit element 4,5 occur at connection windows 12b

in the intermediate insulating layer 12. However, it should be understood that

these windows 12b may often not be in the same plane as the TFT Tm, Tg. In

particular, there is generally insufficient space between the source and drain

electrodes 3 and 4 of TFI' T9 to accommodate a window 12b. Thus, the

window 12b is depicted in broken outline in Figure 3 to indicate its location

outside the plane of the drawing paper.

Addressing Line Barrier Embodiment of Figure 4

The conductive barrier material 240 connected to a TFT gate line (as in

Figure 3, for example) may provide at least part of the addressing (row) lines

150. One such embodiment is illustrated in Figure 4, wherein most of the line

150 is formed by the conductive barrier material 240.

Line resistance can be significantly reduced by using the conductive

barrier material 240 to replace or to back up the conductor line 150 of the

circuit substrate 10. Thus, along the line 240(150), the conductive barrier

material 240 has a cross-sectional area that is at least twice (possibly even an

order of magnitude) larger than that of the conductor layer that typically

provides a gate line 5(150) of TFT Tg in the circuit substrate 100. Typically,

the conductive barrier material 240 may have a thickness 2 that is a factor of

two or more (for example at least five times) larger than the thickness 2 of this
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conductor layer 5(150) in the circuit substrate 100. in a specific example 2

may be between 2pm and 5pm as compared with 0.5um or less for 2.

Typically, the conductive barrier material 240 may have a line width Y that is

the same width (or even at least twice as large) as the line width y of the

conductor layer 140. in a specific example Y may be 20pm as compared with

10pm for y. Furthermore, the gate line 5(150) is typically of doped polysilicon,

whereas the conductive barrier material 240 is typically metal having a much

higher conductivity.

Multi-conductor Barrier Embodiments of Figures 5 and 6

Figure 5 illustrates a composite of two side-by-side barriers 210 and

210x, each comprising a metal core 240, 240x insulated with a respective

coating 40, 40x. This side-by—side multi—conductor barrier structure 210,21x

can be designed and used in a variety of ways. In one form, for example, the

metal cores 240 and 240): may form (or back up) parallel addressing and

supply lines 150 and 140 respectively. In another form, for example,‘ one of

the barriers 210 may be divided into insulated portions that provide an

additional component, for example a capacitor as described below with

reference to Figure 9 and 10. Figure 6 gives one example of a suitable pixel

layout, in which the matrix thin-film circuit area of the substrate 100 is

designated as 120.

Modified Multi-conductor Barrier Layout Embodiment of Figure 7

In the modified layout of Figure 7, the two barriers 210 and 210x (each

comprising a metal core 240, 240x insulated with a respective coating 40, 40x)

are arranged transverse to each other. In this case, barrier 210): (with

connections to substrate TFT Tm as T2) may be used to back up or replace

the column lines 160. The barrier 210 (with connections to substrate TFT Tg

as T2) may be used to back up or replace the row lines 150. Alternatively, the

barrier 210 (with connections to substrate TFT Tm as T1) may be used to back

up or replace the supply lines 140.

SAMSUNG EX. 1002 - 265/899



SAMSUNG EX. 1002 - 266/899

W0 03f079-I-‘Il PCTIIBUJIINIG‘JD‘)

10

15

20

25

30

12

Alternative Conductive Barrier Embodiment of Figure B

In the embodiments of Figures 2, 3, and Figure 5, barriers 210 and 210x

are shown as being predominantly of conductive material 240 and 240x.

Figure 8 shows a modified embodiment wherein the barrier 210 is

predominantly of insulating material 244. In this case, vias 244b are etched or _

milled through the insulating material 244 to the circuit element 4, 5 in the

circuit substrate 100. A metal coating 240 provides the conductive barrier

material that extends on top of the insulating barrier 210 and in the vias 244b

therethrough. This alternative conductive barrier construction is particularly

suitable for embodiments in which the conductive barrier material 240 backs

up or replaces thin—film conductor lines (such as lines 140, 150 and 160) of the

circuit substrate 100.

The metal coating 240 of this barrier 210 may be formed simultaneously

with a main part 23a of the upper electrode 23 of the LED 25, in a self—aligned

manner. Thus, a layer of metal may be deposited simultaneously for the metal

coating 240 and electrode 23 which are separated by a shadow-masking effect

of an overhang shape in the side of the barrier 210, as illustrated in Figure 12.

This is one possible process embodiment for forming barrier interconnects

210, 240 in accordance with the present invention. Figures 15 to 1? illustrate

other process embodiments for barrier interconnects 210, 240 that are

predominantly of metal.

Capacitor and other multi—conductor barrier embodiments of Figures 9 and 10

The Figure 9 embodiment is similar to those of Figures 2, 3, and 5, in

having insulated lengths of the barrier 210 that comprise a metal core 240 as

the main conductive barrier material. This metal core 240 is connected with

the circuit element 4 or 5 etc. in the substrate 100 and has an insulating

coating 40 on thereon.

However the embodiment of Figure 9 additionally/comprises a metal

coating 2400 that is present on the insulating coating 40, over the top and

sides of the core 240. This metal coating 240s is connected to another circuit
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element of, for example, the substrate 100 such as element 5,4, etc. of

another TFT.

This structure of Figure 9 is more versatile than that of Figures 2, 3 and

5. It permits the metal core 240 and metal coating 2400 to be used for

different purposes, for example, to back-up or even replace the lines 140, 150

or 160, so reducing their line resistance. The metal coating 240C may serve as

a co—axial shield for the signal on the core line 240. Alternatively, the metal

coating 240C may be localised to specific locations along the barrier 210 where

particular connections or components are required, for example at individual

pixels or sub-pixels.

Instead of shielding, this multi-conductor structure 240, 2400 for the

barrier 2100 might be used to overlap two lines; for example, a back-up or

replacement barrier line 140 (including core 240) with a back—up or

replacement barrier line 150 (including coating 240C). in this case, however,

the thickness and dielectric properties of the insulating coating 40 need to be

chosen to reduce parasitic capacitance and coupling between these lines 140

and 150.

Of particular importance is an embodiment in which the multi—oonductor

structure 240, 240c of Figure 9 is designed to form a capacitor C with a

capacitor dielectric 40. Thus, separate and/or insulated lengths of the metal

core 240, insulating coating 40 and metal coating 240C may together form a

capacitor C connected between the substrate circuit elements 4, 5, etc.

Such a capacitor may be, for example, the individual holding capacitor

Oh for each respective pixel 200 which is connected between the supply line

140 (main electrode line 4 of TFT T1, Tm) and the gate line 5 of TFT T2, Tg

(and main electrode line 3 of TFT T1, Tm) . Figure 10 illustrates a suitable

pixel layout with this holding capacitor barrier 21 Do, Ch.

Inductor and other multi~metal barrier embodiments of Figures 11 to 13

Figures 11 to 13 illustrate barrier embodiments 210d with a metal core

240m that is not electrically connected to a circuit element of the device. In

this case the conductive barrier material 240 connected to the thin—film
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substrate circuit element is the metal coating on the insulating coating 40 on

the metal core 240d. Such a structure is useful for providing the display with

an inductor or transformer having a ferromagnetic core 240d of, for example,

nickel.

Figure 12 illustrates an inductor embodiment, whereas Figure 13

illustrates a transformer embodiment. In each case, the layout pattern of the

metal coating 240 and the thin-film substrate metal tracks 9 are chosen (in

relation to their connecting vias 12b) to form a winding conductor around the

ferromagnetic core 240d. Both this coating 240 and the tracks 9 are of the

nonwferromagnetic material (for example, aluminium). The coating 240 and

tracks 9 form a single coil in the inductor L (Figure 12). In the transformer W

(Figure 13), the coating 240 and tracks 9 form both a primary coil (240p, 9p)

and a secondary coil (2403, 95).

These components L and/or W can be used in various ways. They can

facilitate power saving, especially in displays of very large area. Their

integration with pixel barrier technology can be used to enhance device

performance (for example, higher 0 value) at low cost and within compact

areas of the display device. A reduction in size may be achievable for

equipment that comprises such a display device in accordance with the

invention, as compared with adding the component outside of the display

device.-

Process Embodiment of Figures 14 to 16

Apart from constructing and using its barriers 210 with conductive

material 240, the active-matrix electroluminescent display of a device in

accordance with the present invention may be constructed using known device

technologies and circuit technologies, for example as in the cited background

references.

Figures 14 to 16 illustrate novel process steps in a particular

manufacturing embodiment. The thin-film circuit substrate 100 with its upper

planar insulating layer 12 (for example, of silicon nitride) is manufactured in

known manner. Connection windows (such as vias 12a, 12b, 12x etc.) are
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opened in the layer 12 in known manner, for example by photolithographic

masking and etching. However, in order to manufacture a device in

accordance with the present invention, the pattern of these vias include the

vias 12b, 12x that expose elements 4, 5, etc. for bottom connection with the

conductive barrier material 240, 240x, 2400. The resulting structure is

illustrated in Figure 13. This stage is common regardless of whether the

barriers 210 have a metal core as in Figures 2, 3, 5, 9, and 11 or are

predominantly of insulating material as in Figure 8.

The formation of barriers 210 predominantly of insulating material has

been described above with reference to Figure 8. Suitable process steps for

barriers 210 with a metal core will now be described with reference to Figures

15 and 16.

In this case, electrically—conductive material for the barriers 210 is

deposited on the insulating layer 12 at least in its vias 12a, 12b, 12x etc. The

desired lengths and layout pattern for the barriers 210 is obtained using known

masking techniques. Figure 15 illustrates an embodiment in which at least the

bulk 240 of the conductive barrier material (for example, copper or nickel or

silver) is deposited by plating. In this case, a thin seed layer 240a of, for

example, copper or nickel or silver is first deposited over the insulating layer 12

and its vias 12a. 12b, 12x etc, the barrier layout pattern is defined with a

photolithographic mask, and then the bulk 240 of the conductive barrier

material is plated to the desired thickness. The resulting structure is illustrated

in Figure 15.

Then, using CVD (chemical vapour deposition), insulating material (for

example silicon dioxide or silicon nitride) is deposited for the insulating coating

40. The deposited material is left on the sides and top of the conductive

barrier material by patterning using known photolithographic masking and

etching techniques, as illustrated in Figure 16.

Thereafter the manufacture is continued in known manner. Thus, for

example, conjugate polymer materials 22 may be ink-jet printed or spin-coated

for the pixels 200. The barriers 240,40 with their insulating coating 40 can be

used in known manner to prevent polymer overflow from the pixel areas in
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between the physical barriers 240,40. The upper electrode material 23 is then

deposited.

Modified Process Embodiment of Figure 1?

This embodiment uses an anodisation treatment (instead of deposition)

to provide the insulating coating 40 at least at the sides of the barriers 210

adjacent to the pixel areas. Typically, the conductive barrier material 240 may

comprise aluminium. The desired lengths and layout pattern of the deposited

aluminium can be defined using known photolithographic masking and etching

techniques. Figure 17 shows the photolithically—defined etchant—mask 44

retained on the top of the aluminium barrier pattern 240.

Then, an anodic insulating coating of aluminium oxide is formed on at

least the sides of the aluminium barrier material 240 using known anodisation

techniques. Thus, no extra mask is needed to define the layout for this coating

40.

As illustrated in Figure 17, the mask 44 can be retained during this

anodisation, in areas where it is desired to protect and form an un-insulated

top connection area 240t. In these areas, the anodic coating is formed at only

the sides of the aluminium barrier pattern 240. The mask 44 may be removed

before this anodisation, from areas where the anodic coating is required at

both the sides and top of the aluminium barrier pattern 240. Alternatively, the

mask 44 of an insulating polymer or, for example, silicon dioxide or nitride may

be retained in these areas where insulation is desired over the top of the

barrier 21 O(240,40) in the manufactured device.

Further Embodiments

In the embodiments described so far, the conductive barrier material 240

is a thick opaque metal, for example, aluminium, copper, nickel or silver.

However, other conductive materials 240 may be used, for example a metal

silicide or (less advantageously) a degenerately—doped polysilicon both of which

may be surface-oxidised to form the insulating coating 40. If transparent barriers

210 are required, then lTO may be used for the conductive barrier material 240.
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In addition to the components already described, barriers 210 with

conductive material 240 may be used to form other components connected to

the substrate circuitry. Thus, for example, aerials may be constructed at the

periphery of the display, with coils 9,240 or with long straight lines of

conductive barrier material 240. Such aerials are useful in, for example, a

mobile phone having an active-matrix display in accordance with the invention.

The specific embodiments disclosed above are active-matrix

electroluminescent display devices and the inventive use of the physical

barriers 210 present in such devices between neighbouring pixels. However,

similar principles may be applied to other active-matrix display devices such

as, for example, AMLCDs (active-matrix liquid-crystal displays), which also

comprise a circuit substrate 100' on which an array of pixels 200' is present

and connected thereto.

In the AMLCD case, upstanding spacers 210' are present on the circuit

substrate 100' between at least some of the neighbouring pixels 200'. The

spacers 210‘ serve to support an overlying opposite plate of the display over

the active—matrix circuit substrate 100'. They define thereby the cell spacing in

which the liquid crystal material is accommodated. As regards their layout

configuration, these AMLCD spacers 210' may be localised pillars between

pixels, or they may be short walls with some longitudinal extension between

pixels.

In a modification in accordance with the present invention, these

upstanding spacers 210' of an AMLCD may be constructed with conductive

material 240 similar to the physical barriers 210 disclosed above for AMELDS

and may be similarly connected. Thus, the AMLCD may include hovel spacers

210' that

o are formed partly (or even predominantly) of metal or another

conductive material 240, while being insulated at least at their sides

adjacent to the liquid—crystal pixel cells, and

a provide connections into and/or out of the circuit substrate 100' of

the AMLCD to locally back-up or locally replace lengths of a
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substrate conductor line (eg. 150'. 160‘) and/or to form additional

components (e.g. C, L, W) connected into the AMLCD.

The additional components (for example, capacitors, inductors,

transformers and/or aerials) can be constructed with combinations of

conductive spacer material 240 and insulating spacer material 40 (and/or 244)

that are provided locally on the circuit substrate 100' of the AMLCD, in a

manner similar to that described above for composite barrier elements 210 in

AMELD devices. They can be similarly connected with circuit elements (4', 5',

6', 150', 160', T1', T2', etc.) of the AMLCD circuit substrate 100', at windows

12b in an intermediate insulating layer 12 on the circuit substrate 100'.

Thus, the composite spacer elements 210' of an AMLCD in accordance

with the invention can be constructed and connected in a manner similar to

that of, for example, any one of the barrier elements 210 of Figures 3, 5, 7 to

13, 1a or 17. '

From reading the present disclosure, other variations and modifications

will be apparent to persons skilled in the art. Such variations and modifications

may involve equivalent and other features which are already known in the art

(for example in the cited background references) and which may be used instead

of or in addition to features already described herein.

Although Claims have been formulated in this Application to particular

combinations of features, it should be understood that the scope of the

disclosure of the present invention also includes any novel feature or any novel

combination of features disclosed herein either explicitly or implicitly or any

generalisation thereof, whether or not it relates to the same invention as

presently claimed in any Claim and whether or not it mitigates any or all of the

same technical problems as does the present invention.

The Applicants hereby give notice that new Claims may be formulated

to any such features and/or combinations of such features during the

prosecution of the present Application or of any further Application derived

therefrom.

Thus, for example, the present Application discloses a novel use of

conductive material in a pixel barrier on a circuit substrate of an active—matrix
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display device, so as to connect with circuitry in the circuit substrate of the

device and to provide a back—up and/or a replacement and/or an additional

component that is integrated in the device.

According to one aspect, important novelty resides in such use of

conductive barrier material in the pixel barrier construction of an

electroluminescent display, and particularly in the type of barriers used

between light—emitting diodes of organic semiconductor material. Thus, the

present Application discloses what are generally novel features of an active-

matrix electroluminescent display device (and its manufacture), comprising: a

circuit substrate on which an array of pixels is present with physical barriers

between at least some of the neighbouring pixels in at least one direction of

the array; each pixel comprising an electroluminescent element (for example, a

current—driven light—emitting diode of organic semiconductor material); the

circuit substrate comprising circuitry to which the electroluminescent elements

are connected (for example, matrix addressing and drive circuitry for the array,

preferably with thin-film circuit elements); and the physical barriers comprising

one or more parts of metal and/or of conductive material that is connected with

a circuit element in the circuit substrate (for example, with a thin-film conductor

layer and/or electrode connection andror supply line and/or addressing line

and/or signal (column) line and/or a thin-film transistor and/or a thin-film

capacitor) via connection windows that are present (for example, in an

intermediate insulating layer) on the circuit substrate (for example, under the

conductive barrier material).

According to another aspect, important novelty resides in the use of

multiple parts of metal and/or conductive material in the construction of pixel

barriers of an active-matrix display device (whether an AMELD or an AMLCD)

so as to provide additional components integrated in the device. Thus, one or

more mutually insulated lengths (or other parts) of the pixel barrier layout may

comprise a metal-insulator coated barrier structure that provides a capacitor or

(with a ferromagnetic core) an inductor, transformer or aerial. These novel

barrier structures may be localised to, for example, individual pixels or groups

of pixels andfor to other device areas. Thus, the additional component may be
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formed inside or outside the pixel array, but still formed on the circuit substrate

in the same process steps as the pixel barriers. The component-forming

barrier length typically comprises one or more coatings of metal, conductive

and insulating materials and may have a conductive and/or metal core to the

barrier. Where the component-forming barrier length is located between

pixels, it can be insulated (for example, with an insulating Iayerlcoating) at

least at the sides of the barriers adjacent to the display element.
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CLAIMS:

1. An active—matrix display device comprising: a circuit substrate on

which an array of pixels is present with physical barriers between at least

some of the neighbouring pixels in at least one direction of the array; each

pixel comprising a display element; the circuit substrate comprising circuitry to

which the display elements are connected; the physical barriers comprising

conductive material that is connected with a circuit element in the circuit

substrate via contact windows in an intermediate insulating layer on the circuit

substrate; and the conductive barrier material being insulated at least at the

sides of the barriers adjacent to the display elements.

2. A device according to Claim 1, wherein the said circuit element in

the circuit substrate is at least one thin-film element of a group comprising: a

conductor layer; an electrode connection; a supply line; an addressing line; a

signal line; a thin—film transistor; a thin—film capacitor.

3. A device according to Claim 1 or Claim 2. wherein at least

insulated lengths of the barrier comprise a metal core that provides the

conductive barrier material, which metal core is connected with the circuit

element in the circuit substrate and has an insulating coating on at least its

sides.

4. A device according to Claim 3. wherein a metal coating is

present on the insulating coating on the metal core and is connected to

another circuit element.

5. A device according to Claim 4, wherein the metal core, insulating

coating and metal coating together form a capacitor, for example an individual

holding capacitor for each respective pixel.
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6. A device according to any one of the preceding Claims, wherein

at least an Insulated length of the barrier comprises a metal coating on an

insulating coating on a metal core of at least that length of the barrier, and the

metal coating provides the conductive barrier material that is connected with

the circuit element in the substrate.

7. A device according to Claim 6, wherein the metal core is of nickel

or another ferromagnetic material, and the metal coating is of

non—ferromagnetic material that is connected with a conductor track of

non-ferromagnetic material in the substrate to form at least one coil of an

inductor or transformer that comprises the ferromagnetic metal core.

8. A device according to Claim 1 or Claim 2, wherein at least

insulated lengths of the barriers are predominantly of the conductive barrier

material (and preferably comprising metal).

9. A device according to Claim 1 or Claim 2, wherein the physical

barrier is predominantly of insulating material through which vias extend tor

connection with the circuit element in the circuit substrate, and wherein a metal

coating that provides the conductive barrier material extends on top of the

physical barrier and in the vias through the physical barrier.

10. A device according to Claim 1 or Claim 8 or Claim 9, wherein the

circuit substrate comprises matrix addressing circuitry that is connected with

transverse addressing and signal lines, and the conductive barrier material

provides at least part of the addressing lines.

1 1. A device according to Claim 1 or Claim 2, wherein the conductive

barrier material serves as an interconnection between the said circuit element

in the circuit substrate and a further circuit element of the device.
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12. A device according to any one of the preceding Claims, wherein

the barriers are present between electroluminescent display elements that

comprise a light-emitting diode of organic semiconductor material.

13. A device according to any one of Claims 1 to 11, wherein the

barriers are spacers in an active-matrix liquid—crystal display.

14. A method of manufacturing an active-matrix display device

according to any one of the preceding Claims, including the steps of:

(a) opening contact windows in the intermediate insulating layer on

the circuit substrate to expose a part of the circuit element of the circuit

substrate;

(b) forming the physical barriers on the circuit substrate with

insulation at least at the sides of the physical barriers adjacent to the pixel

areas; and

(c) providing the display elements in the pixel areas in between the

physical barriers,

wherein the conductive barrier material is provided by depositing

electrically—conductive material at least for connection at the contact windows

of the intermediate insulating layer.

15. A method according to Claim 14, wherein the step (b)'involves

forming the physical barrier predominantly of the electrically-conductive

material, and an insulating coating is deposited on at least the sides of this

conductive barrier material.

16. A method according to Claim 15, wherein at least the bulk of the

conductive barrier material is deposited by plating.

17. A method according to Claim 15, wherein the conductive barrier

material comprises aluminium, and the insulating coating is formed on at least

the sides of the aluminium barrier material by anodisation.

SAMSUNG EX. 1002 - 277/899



SAMSUNG EX. 1002 - 278/899

W0 03f079-I-Il PCTIIBUJIIKIGQ‘)

10

15

24

18. A method according to Claim 14, wherein the step (b) involves

forming the physical barrier predominantly of insulating material through which

vias are formed for connection with the circuit element at the contact windows

of the intermediate insulating layer, and wherein the electrically-conductive

material is deposited as a conductive coating on top of the physical barrier and

in the vias through the physical barrier.

19. A method according to Claim 18, wherein the conductive coating

for the physical barrier and an upper electrode of the display element are

deposited simultaneously and are separated by a shadow-masking effect of an

overhang shape in the side of the physical barrier.

20 A method according to any one of Claims 14 to 19, wherein the

additional device features of any one of Claims 2 to 13 are provided.
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