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TITLE OF THE INVENTION

TRANSISTOR ARRAY SUBSTRATE AND DISPLAY PANEL

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the

benefit of priority from prior Japanese Patent

Applications No. 2004-273532, filed September 21, 2004;

No. 2004-273580, filed September 21, 2004; and

No. 2005-269434, filed September 16, 2005, the entire

contents of all of which are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a transistor

array substrate having a plurality of transistors and,

more particularly, to a display panel using light-

emitting elements which cause self emission when a

current is supplied by the transistor array substrate.

2. Description of the Related Art

Organic electroluminescent display panels can

roughly be classified into passive driving types and

active matrix driving types. Organic

electroluminescent display panels of active matrix

driving type are more excellent than those of passive

driving type because of high contrast and high

resolution. In a conventional organic

electroluminescent display panel of active matrix

display type described in, e.g., Jpn. Pat. Appln. KOKAI
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~’ Publication No. 8-330600, an organic electroluminescent

element (to be referred to as an organic EL element

hereinafter), a driving transistor which supplies a

current to the organic EL element when a voltage signal

corresponding to image data is applied to the gate of

the transistor, and a switching transistor which

performs switching to supply the voltage signal

corresponding to image data to the gate of the driving

transistor are arranged for each pixel. In this

display panel, when a predetermined scan line is

selected, the switching transistor is turned on. At

this time, a voltage of level representing the

luminance is applied to the gate of the driving

transistor through a signal line. Thus, the driving

transistor is turned on. A driving current having a

magnitude corresponding to the level of the gate

voltage is supplied from the power supply to the

organic EL element through the source-to-drain path of

the driving transistor. Consequently, the EL element

emits light at a luminance corresponding to the

magnitude of the current. During the period from the
end of scan line selection to the next scan line

selection, the level of the gate voltage of the driving

transistor is continuously held even after the

switching transistor is turned off. Hence, the organic

EL element keeps emitting light at a luminance

corresponding to the magnitude of the driving current
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corresponding to the voltage.

To drive the organic electroluminescent display

panel, a driving circuit is provided around the display

panel to apply a voltage to the scan lines, signal

lines, and power supply lines laid on the display

panel.

In the conventional organic electroluminescent

display panel of active matrix driving type,

interconnections such as a power supply line to supply

a current to an organic EL element are patterned

Simultaneously in the thin-film transistor patterning

step by using the material of a thin-film transistor

such as a switching transistor or driving transistor.

More specifically, in manufacturing the display panel,

a conductive thin film as a prospective electrode of a

thin-film transistor is subjected to: photolithography

and etching to form the electrode of a thin-film

transistor from the conductive thin film. At the same

time, an interconnection connected to the electrode is

also formed. For this reason, when the interconnection

is formed from the conductive thin film, the thickness

of the interconnection equals that of the thin-film

‘transistor.

The electrode of the thin-film transistor.is

designed assuming that it functions as a transistor.

In other words, the electrode is not designed assuming

that it supplies a current to a light-emitting element.
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Hence, the thin-film transistor is thin literally. If

a current is supplied from the interconnection to a

plurality of light-emitting elements, a voltage drop

occurs, or the current flow through the interconnection

delays due to the electrical resistance of the

interconnection. To suppress the voltage drop or

interconnection delay, the resistance of the

interconnection is preferably low. If the resistance

of the interconnection is reduced by making a metal

layer serving as the source and drain of the transistor

or a metal layer serving as the gate electrode thick,

or patterning the metal layers considerably wide to

sufficiently flow the current through the metal layers,

the overlap area of the interconnection on another

interconnection or conductor when viewed from the upper

Side increases, and a parasitic capacitance is

generated between them. This retards the flow of the
current. Alternatively, in a so-called bottom emission

structure which emits EL light from the transistor

array substrate side, light emitted from the EL

elements is shielded by the interconnections, resulting

in a decrease in opening ratio, i.e., the ratio of the

light emission area. If the gate electrode of the

thin-film transistor is made thick to lower the

resistance, a planarization film (corresponding to a

gate insulating film when the thin-film transistor has,

e.g., an inverted stagger structure) to eliminate the

LG Display Co., Ltd.
Exhibit 1002

Page 008



LG Display Co., Ltd. 
Exhibit 1002 

Page 009

10

15

20

25

step of the gate electrode must also be formed thick.

This may lead to a large change in transistor

characteristic. When the source and drain are formed

thick, the etching accuracy of the source and drain

degrades. This may also adversely affect the

transistor characteristic.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to

satisfactorily drive a light-emitting element while

suppressing any voltage drop and signal delay.
A transistor array substrate according to a first

aspect of the present invention comprises:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the

driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of the plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of the plurality

of driving transistors and arrayed to cross the

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected
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to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

formed on the plurality of supply lines along the

plurality of supply lines, respectively.

Preferably, a substrate according to claim 1,

further comprising a plurality of scan lines which are

patterned together with the sources and drains of the

plurality of driving transistors and arrayed to cross

the plurality of supply lines via the gate insulating

film.

Preferably, a substrate according to claim 2,

which further comprises a plurality of switch

transistors which are arrayed in a matrix on the

substrate, each of the switch transistors having the

gate insulating film inserted between a gate and a

source and drain, and

in which one of the source and drain of each of

the plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of the plurality of driving

transistors,

the gate of each of the plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and

the other of the source and drain of each of the
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plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film.

Preferably, a substrate according to claim 2,

which further comprises a plurality of holding

transistors which are arrayed in a matrix on the

substrate, each of the holding transistors having the

gate insulating film inserted between a gate anda

source and drain, and

in which one of the source and drain of each of

the plurality of holding transistors is electrically

connected to the gate of a corresponding one of the

plurality of driving transistors through a contact hole

formed in the gate insulating film,

the other of the source and drain of each of the

plurality of holding transistors is electrically

connected to one of the supply line and the scan line,

and

the gate of each of the plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film.

A display panel according to a second aspect of

the present invention is a display panel comprising:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the
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driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of the plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of the plurality

of driving transistors and arrayed to cross the

plurality of signal lines via the gate insulating film,
each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

connected to the plurality of supply lines along the

plurality of supply lines;

a plurality of pixel electrodes each of which is

electrically connected to the other of the source and

the drain of each of the plurality of driving

transistors;

a plurality of light-emitting layers which are

formed on the plurality of pixel electrodes,

respectively; and

a counter electrode which covers the plurality of

light-emitting layers.

Preferably, a panel according to claim 13, further
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comprising a plurality of scan lines which are

patterned together with the sources and drains of the

plurality of driving transistors and arrayed to cross

the plurality of supply lines via the gate insulating

film.

According to this aspect, the signal lines are

patterned together with the gates of the driving

transistors. However, since the feed interconnections

are stacked on the supply lines, the feed

interconnections are formed separately for the drains,

sources, and gates of the driving transistors. For

this reason, the feed interconnection can be made thick

without increasing its width, and the resistance of the

feed interconnection can be reduced. Hence, even when

a signal is output to the driving transistor and pixel

electrode through the feed interconnection, the voltage

drop and signal delay can be suppressed.

When the feed interconnections are to be formed by

electroplating, the supply lines are formed on the

signal lines. When the structure is dipped ina

plating solution while a voltage is applied to the

supply lines in the manufacturing step of the

transistor array substrate and the display panel,

the feed interconnections can be grown on the supply

lines.

According to this aspect, since the feed

interconnections can be made thick, the resistance of
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the feed interconnections can be reduced. When the

resistance of the feed interconnections decreases, the

Signal delay and voltage drop can be suppressed.

A display panel manufacturing method according to

a fourth aspect of the present invention is claim 18.

A thick interconnection can suppress the voltage

drop and can also be used as a partition wall in

forming an organic compound-containing solution. Since

the liquid repellent conductive layer exhibits liquid

repellency, an organic compound layer can

satisfactorily be patterned. A liquid repellent

conductive layer containing, e.g., a triazine compound

can selectively be formed on a metal surface so as to

exhibit liquid repellency but cannot be formed on the

surface of an insulator or a metal oxide to exhibit

liquid repellency. In addition, the liquid repellent

conductive layer is formed on the metal surface very

thin. Hence, the electrical conductivity on the metal

surface is not lost.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a view showing the circuit arrangement

of an EL display panel together with an insulating

substrate;

FIG. 2 is an equivalent circuit diagram of a pixel

circuit of the EL display panel;

FIG. 3 is a plan view showing the electrode of the

pixel circuit of the EL display panel;
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FIG. 4 is a plan view showing the electrode of the

pixel circuit of the EL display panel;

FIG. 5 is a sectional view taken along a line

V- V in FIG. 3;

FIG. 6 is a sectional view taken along a line

VI - VI in FIG. 3;

FIG. 7 is a sectional view taken along a line

VII - VII in FIG. 3;

FIG. 8 is a sectional view taken along a line

VIII - VIII in FIG. 3;

FIG. 9 is a plan view showing a state wherein a

gate layer is patterned;

FIG. 10 is a plan view showing a state wherein a

drain layer is patterned;

FIG. 11 is a plan view showing a state wherein the

drain layer is superposed on the patterned gate layer;

FIG. 12 is a schematic plan view showing the

layout of an organic EL layer of the EL display panel;

FIG. 13 is a timing chart for explaining a driving

method of the EL display panel;

FIG. 14 is a timing chart for explaining another

driving method of the EL display panel;

FIG. 15 is a graph showing the current vs. voltage

characteristic of the driving transistor and organic EL

element of each pixel circuit;

FIG. 16 is a graph showing the correlation between

the maximum voltage drop and the interconnection
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resistivity o/sectional area S of the feed

interconnection and common interconnection of a 32-inch

EL display panel;

FIG. 17 is a graph showing the correlation between

the sectional area and the current density of the feed

interconnection and common interconnection of the

32-inch EL display panel;

FIG. 18 is a graph showing the correlation between

the maximum voltage drop and the interconnection

resistivity o/sectional area S of the feed

interconnection and common interconnection of a 40-inch

EL display panel 1;

FIG. 19 is a graph showing the correlation between

the sectional area and the current density of the feed

interconnection and common interconnection of the

40-inch EL display panel;

FIG. 20 is a view showing the circuit arrangement

of an EL display panel together with an insulating

substrate;

FIG. 21 is an equivalent circuit diagram of a

pixel circuit of the EL display panel;

FIG. 22 is a plan view showing the electrodes of

pixel circuits Pj,4 and Pj,441 of the EL display panel;

FIG. 23 is a sectional view taken along a plane

perpendicular to the channel width of a driving |

transistor;

FIG. 24 is a sectional view taken along a line
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XXIV - XXIV in FIG. 22;

FIG. 25 is a sectional view taken along a line

XXV - XXV in FIG. 22;

FIG. 26 is a schematic view showing the coating

structure of a liquid repellent conductive film;

FIG. 27 is a schematic plan view showing the

layout of the organic EL layers of the EL display

panel; and |

FIG. 28 is a timing chart for explaining the

operation of the EL display panel.

DETAILED DESCRIPTION OF THE INVENTION

[First Embodiment]

The best mode for carrying out the present

invention will be described below with reference to the

accompanying drawing. Various kinds of limitations

which are technically preferable in carrying out the

present invention are added to the embodiments to be

described below. However, the spirit and scope of the

present invention are not limited to the following

embodiments and illustrated examples.

[Overall Arrangement of EL Display Panel]

FIG. 1 is a schematic view showing an EL display

panel 1 of active matrix driving type. As shown in

FIG. 1, the EL display panel 1 comprises an insulating

substrate 2, n (a plurality of) signal lines Yj to Yn,

m (a plurality of) scan lines Xj to Xm, m (a plurality

of) supply lines Z1 to Zp, (m X n) pixel circuits P1/1
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to Pm,n, a@ Plurality of feed interconnections 90, and

common interconnections 91. The insulating substrate 2

is optically transparent and has a flexible sheet shape

or a rigid plate shape. The signal lines Yj to Yy, are

arrayed on the insulating substrate 2 in parallel to

each other. The scan lines X1 to Xm are arrayed on the
insulating substrate 2 to be perpendicularly to the

Signal lines Yj to Y, when the insulating substrate 2

is viewed from the upper side. The supply lines Z 1 to

2m are arrayed on the insulating substrate 2 between

the scan lines Xj; to Xm to be parallel to them so that

the supply lines and scan lines alternate. The pixel

circuits P,,1 to Pm,n are arrayed on the insulating

substrate 2 in a matrix along the signal lines Yj to Yy

and scan lines Xj to Xm. The feed interconnections 90

are provided in parallel to the supply lines Z1 to Zp

when viewed from the upper side. The common

interconnections 91 are provided in parallel to the

signal lines Y; to Y, when viewed from the upper side.

In the following description, the direction in

which the signal lines Yj to Yy run will be defined as

the vertical direction (column direction), and the

direction in which the scan lines Xj; to Xm run will be

defined as the horizontal direction (row direction).

In addition, m andnare natural numbers (m 2 2,

n 2 2). The subscript added to a scan line xX

represents the sequence from the top in FIG. 1. The
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subscript added to a supply line Z represents the

sequence from the top in FIG. 1. The subscript added

to a signal line Y represents the sequence from the

left in FIG. 1. The first subscript added to a pixel

circuit P represents the sequence from the top, and the

second subscript represents the sequence from the left.

More specifically, let i be an arbitrary natural number

of 1 tom, and j be an arbitrary natural number of 1 to

n, a scan line Xj is the ith row from the top, a supply

line Zi; is the ith row from the top, a signal line Y4

is the jth column from the left, and a pixel circuit

Pi,j is located on the ith row from the top and the jth

- column from the left. The pixel circuit Pi,3 is

connected to the scan line Xj, supply line 2Z;, and

Signal line Y5-

The total number of feed interconnections 90 is m.

A voltage VL to flow a write current and a voltage VH

to flow a driving current are applied from a left

terminal 906 and right terminal 90c on the insulating

substrate 2 to each feed interconnection 90. For this

reason, the voltage drop of the feed interconnection 90

can be suppressed small as compared to when applying

the voltages VL and VH from one of the left terminal

90b and right terminal 90c. The feed interconnections

90 are formed on the upper surfaces of the supply lines

21 to Zm to be electrically connected to them.

The total number of common interconnections 91 is
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n+l. Two common interconnections 91 adjacent in the

row direction also function as partition walls to

partition, in film formation, organic EL layers 20b of

organic EL elements (light-emitting elements) 20
arranged between them. The common interconnections 91

are connected to a lead interconnection 9la on the

front side and to a lead interconnection 91b on the

rear side. The lead interconnections 9la and 91b have

the same thickness as the common interconnections 91

and also function as partition walls to partition the

organic EL layers 20b in the fore-and-aft direction in

film formation. The common interconnections 91 are

connected to an external device through interconnection

terminals 91lc. A common potential Vcom is applied to

the common interconnections 91.

In the EL display panel 1, regions partitioned in

a matrix by the scan lines Xj to Xm and signal lines Yj

to Yn form pixels. Each of the pixel circuits P,,/1 to

Pm,n is provided in one region.
[Circuit Arrangement of Pixel Circuit]

The pixel circuits Pj,1 to Pm,n have the same

structure. So, the arbitrary pixel circuit P;,,4 of the

pixel circuits P,,/j1 to Pm,n will be described. FIG. 2

is an equivalent circuit diagram of the pixel circuit

Pi,j- FIGS. 3 and 4 are plan views mainly showing the

electrode of the pixel circuit Pi,j- For the

illustrative convenience, FIG. 3 does not illustrate a
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pixel electrode 20a of the pixel circuit Py,4. FIG. 4

does not illustrate the electrode on the lower side of

the pixel circuit Pi,j-

The pixel circuit Pi,j comprises the organic EL

element 20 serving as a pixel, three N-channel

amorphous silicon thin-film transistors (to be simply

referred to as transistors hereinafter) 21, 22, and 23

arranged around the organic EL element 20, anda

capacitor 24. The first transistor 21 will be referred

to as the switch transistor 21, the second transistor

22 as the holding transistor 22, and the third

transistor 23 as the driving transistor 23 hereinafter.

As shown in FIG. 2, in the switch transistor 21 of

the pixel circuit Pi,j, a source 21s is electrically

connected to the signal line Yy. A drain 21d is

electrically connected to.the pixel electrode 20a of

the organic EL element 20, a source 23s of the driving

transistor 23, and an upper electrode 24B of the

Capacitor 24. A gate 21g of the first transistor is

electrically connected to a gate 22g of the holding

transistor 22 and the scan line Xj.

In the holding transistor 22, a source 22s is

electrically connected to a gate 23g of the driving

transistor 23 and a lower electrode 24A of the

Capacitor 24. A drain 22d of the second transistor 22

is electrically connected to a drain 23d of the driving

transistor 23 and the supply line Z;. The gate 22g is
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electrically connected to the gate 21g of the switch

transistor 21 and the scan line Xj.

In the driving transistor 23, the source 23s is

electrically connected to the pixel electrode 20a of

the organic EL element 20, the drain 2ld of the switch

transistor 21, and the electrode 24B of the capacitor

24. The drain 23d of the transistor 23 is electrically

connected to the drain 22d of the holding transistor 22

and the supply line Z,- The gate 23g is electrically
connected to the source 22s of the holding transistor

22 and the lower electrode 24A of the capacitor 24.

[Planar Layout]

As shown in FIGS. 1 to 4, when the entire EL

display panel 1 is viewed from the upper side, the scan

lines Xj to Xm and supply lines 21 to Zp are

alternately arrayed. The feed interconnections 90

overlap the supply lines 21 to Zp. The signal lines Yj

to Yn and common interconnections 91 are alternately

arrayed.

As shown in FIGS. 3 and 4, a focus is placed on

the arbitrary pixel circuit Pi,j of the pixel circuits

P1,1 to Pm,n- When viewed from the upper side, a

rectangular region is formed between the signal line Y3

and the common interconnection 91 and between the scan

line Xj and the supply line Z; while being surrounded

by them. The pixel electrode 20a of the organic EL

element 20 is arranged in the rectangular region.
on
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Hence, when the entire EL display panel 1 is viewed

from the upper side, the plurality of pixel electrodes

20a are arrayed in a matrix. The pixel electrode 20a

is formed into a rectangular shape long in the vertical

direction when viewed from the upper side.

When viewed from the upper side, the switch

transistor 21 is arranged along the signal line Y3-

The switch transistor 21 overlaps the edge of the pixel

electrode 20a.

When viewed from the upper side, the holding

transistor 22 is arranged along the scan line Xj}. The

holding transistor 22 overlaps the edge of the pixel

electrode 20a.

When viewed from the upper side, the driving

transistor 23 is arranged to overlap the common

interconnection 91.

When viewed from the upper side, the capacitor 24

is arranged along the common interconnection 91, supply

line Z2;, and signal line Y3 and overlaps the edge of

the pixel electrode 20a.

The entire EL display panel 1 is viewed from the

upper side, and a focus is placed on only the switch

transistors 21 of the pixel circuits P1,1 to Pm,n- The

plurality of switch transistors 21 are arrayed on the

insulating substrate 2 in a matrix. When a focus is

placed on only the holding transistors 22 of the pixel

circuits P,,1 to Pm,n viewed from the upper side, the
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plurality of holding transistors 22 are arrayed on the

insulating substrate 2 in a matrix. When a focus is

placed on only the driving transistors 23 of the pixel

circuits P1,1 to Pm,n viewed from the upper side, the

plurality of driving transistors 23 are arrayed on the

insulating substrate 2 in a matrix.

[Layer Structure of EL Display Panel]

The layer structure of the EL display panel 1 will

be described. The layer structure of the three

transistors 21 to 23 will be described first with

reference to FIGS. 5 to 8. FIG. 5 is a sectional view

taken along a line V - V in FIG. 3 in the direction of

thickness of the insulating substrate 2. FIG. 6 isa

sectional view taken along a line VI - VI in FIG. 3 in

the direction of thickness of the insulating substrate

2. FIG. 7 is a sectional view taken along a line

VII - VII in FIG. 3 in the direction of thickness of

the insulating substrate 2. FIG. 8 is a sectional view

taken along a line VIII - VIII in FIG. 3 in the

direction of thickness of the insulating substrate 2.

FIGS. 5 to 7 also show part of a pixel circuit Pj, 4-1

next to the pixel circuit Pi,34-

As shown in FIG. 5, the switch transistor 21

includes the gate 2lg, gate insulating film 31,

semiconductor film 21c, channel protective film 2lp,

impurity-doped semiconductor films 2la and 21b, drain

21d, and source 21s. The gate 21g is formed on the

LG Display Co., Ltd.
Exhibit 1002

Page 024



LG Display Co., Ltd. 
Exhibit 1002 

Page 025

10

15

20

25

-_ 21 —-

transparent insulating substrate 2. The gate

insulating film 31 has a part formed on the gate 21g.

The semiconductor film 2lc opposes the gate 21g via the

part of the gate insulating film 31. The channel

protective film 2l1lp is formed on the central portion of

the semiconductor film 21c. The impurity-doped

semiconductor films 2la and 21b are formed on two end

portions of the semiconductor film 21lc to be spaced

apart from each other and partially overlap the channel

protective film 2lp. The drain 21d is formed on one

impurity-doped semiconductor film 2la. The source 21s
is. formed on the other impurity-doped semiconductor

film 21lb. The drain 21d and source 21s can have either

a single-layer structure or a layered structure

including two or more layers.

As shown in FIG. 8, the holding transistor 22

includes the gate 22g, gate insulating film 31,

semiconductor film 22c, channel protective film 22p,

impurity-doped semiconductor films 22a and 22b, drain

22d, and source 22s. The gate 22g is formed on the

insulating substrate 2. The gate insulating film 31

has a part formed on the gate 22g. The semiconductor

film 22c opposes the gate 22g via the part of the gate

insulating film 31. The channel protective film 22p is

formed on the central portion of the semiconductor film

22c. The impurity-doped semiconductor films 22a and

226 are formed on two ends of the semiconductor film
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22c to be spaced apart from each other and partially

overlap the channel protective film 22p. The drain 22d

is formed on one impurity-doped semiconductor film 22a.

The source 22s is formed on the other impurity-doped

semiconductor film 22b. The drain 22d and source 22s

can have either a single-layer structure or a layered

structure including two or more layers.

As shown in FIG. 5, the driving transistor 23

includes the gate 23g, gate insulating film 31,

semiconductor film 23c, channel protective film 23p,

impurity-doped semiconductor films 23a and 23b, drain

23d, and source 23s. The gate 23g is formed on the

insulating substrate 2. The gate insulating film 31

has a part formed on the gate 23g. The semiconductor

film 23c opposes the gate 23g via the part of the gate

insulating film 31. The channel protective film 23p is

formed on the central portion of the semiconductor film

23c. The impurity-doped semiconductor films 23a and

23b are formed on two ends of the semiconductor film

23c to be spaced apart from each other and partially

overlap the channel protective film 23p. The drain 23d

is formed on one impurity-doped semiconductor film 23a.

The source 23s is formed on the other impurity-doped

semiconductor film 23b. When viewed from the upper

side, the source 23s of the driving transistor 23 has a

U shape so that the channel width of the driving

transistor 23 is large. The drains 21d to 23d and
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sources 21s to 23s of the transistors 21 or 23 are

formed by patterning the same material layer.

The layer structure of the capacitor 24 will be

described next. As shown in FIGS. 5 and 8, the

capacitor 24 includes the lower electrode 24A, gate

insulating film 31, and upper electrode 24B. The lower

‘electrode 24A is formed on the insulating substrate 2.

The gate insulating film 31 has a part formed on the

lower electrode 24A. The upper electrode 24B opposes

the lower electrode 24A via the part of the gate

insulating film 31.

The relationship between the layers of the

transistors 21 to 23 and the capacitor 24, the signal

lines Yz1 to Yypn, the scan lines X1 to Xm, and the supply

lines Z1 to Zm will be described next with reference to

FIGS. 5 to 11. FIGS. 9 to 11 are plan views of the

electrodes of the transistors 21 to 23.

As shown in FIGS. 5 to 8 and 9, the gates 21g,

22g, 23g of said three transistors 21, 22, 23, and the

lower electrodes 24A of the capacitors 24 of the pixel

Circuits P1,1 to Pm,n, and the signal lines Yj to Yn

are formed, using photolithography and etching, by

patterning a single conductive film formed on the

entire surface of the insulating substrate 2. The

conductive film as the base of the gates 2lg 22g 23g of

said three transistors 21, 22, 23, the lower electrodes

24A of the capacitors 24, and the signal lines Yj to Yy
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will be referred to as a gate layer hereinafter.

FIG. 9 is a plan view showing a state wherein the gate

layer is patterned.

As shown in FIGS. 5 to 8, the gate insulating film

31 is formed on the entire surface as a film common to

all the transistors 21, 22, 23, and capacitors 24 of

the pixel circuits Pi,1 to Pm,n- Hence, the gate

insulating film 31 covers the gates 2lg, 22g, 23g of

the respecting transistors 21, 22, 23, the lower

electrodes 24A of the capacitors 24, and the signal

lines Yyz to Ypy.

As shown in FIGS. 5 to 8 and 10, the drains 21d

and sources 2is of the switch transistors 21, the

drains 22d and sources 22s of the holding transistors

22, the drains 23d and sources 23s of the driving

transistors 23, and the lower electrodes 24A of the

capacitors 24 of the pixel circuits P14 to Pm,n- the
scan lines Xj to Xm, and the supply lines Z1 to Zm are

formed, using photolithography and etching, by

patterning a single conductive film formed on the

entire surface of the gate insulating film 31. The

conductive film as the base of the drains 21d and

sources 21s of the switch transistors 21, the drains

22d and sources 22s of the holding transistors 22, the

drains 23d and sources 23s of the driving transistors

23, the electrodes 24A of the capacitors 24, the scan

lines Xj to Xm, and the supply lines Z1 to Zp will be
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referred to as a drain layer hereinafter.

FIG. 10 is a plan view showing a state wherein the

drain layer is patterned. FIG. 11 is a plan view

showing a state wherein the patterned drain layer is

superposed on the patterned gate layer.

As shown in FIGS. 3, 7, 9, and 10, the scan line

Xi is electrically connected to the gate 21g of the

switch transistor 21 and the gate 22g of the holding

transistor 22 through a contact hole 92 formed in the

gate insulating film 31. The signal line Y4 is
electrically connected to the source 21s of the switch

transistor 21 through a contact hole 94 formed in the

gate insulating film 31. The source 22s of the holding

transistor 22 is electrically connected to the gate 23g

of the driving transistor 23 through a contact hole 93

formed in the gate insulating film 31.

As shown in FIGS. 5 to 8, the switch transistors

21, holding transistors 22, driving transistors 23,

scan lines X,1 to Xm, and supply lines 21 to Zp are

covered with a protective insulating film 32 formed on

the entire surface. The protective insulating film 32

is divided into strips at the overlap portions on the

supply lines 21 to Z,. This will be described later in

detail.

A planarization film 33 is formed on the

protective insulating film 32 so that the

three-dimensional pattern of the switch transistors 21,
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holding transistors 22, driving transistors 23, scan

lines Xj to Xm, and supply lines 21 to Z, is eliminated

by the planarization film 33. That is, the surface of

the planarization film 33 is flat. The planarization

film 33 is formed by hardening a resin. The

planarization film 33 is divided into strips at the

overlap portions on the supply lines 2] to Zp, together

with the protective insulating film 32. This will be

described later in detail.

To use the EL display panel 1 as a bottom emission

type, i.e., to use the insulating substrate 2 as the

display screen, transparent materials are used for the

gate insulating film 31, protective insulating film 32,

and planarization film 33.

A plurality of long trenches 34 (FIG. 8) running

in the horizontal direction along the supply lines 2)

to Zy are formed in the protective insulating film 32

and planarization film 33 while overlapping the supply

lines Z1 to Zm. Both insulating film 32, 33 are

divided into rectangles running in the horizontal

direction by two trenches 34 adjacent in the vertical

direction. The feed interconnections 90 are buried in

the trenches 34 so that the feed interconnections 90

are electrically connected to the supply lines 21 to

Zm- The feed interconnections 90 are formed by

electroplating and are therefore much thicker than the

signal lines Yj to Yp,, scan lines X11 to Xm, supply
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lines 21 to Zp, and the gates, sources, and drains of

the transistors 21 to 23. More specifically, the

thickness height of the feed interconnection 90 almost

equals the total thickness or height of the protective

insulating film 32 and planarization film 33. The feed

interconnection 90 is made of goid, nickel, ora

layered body thereof.

The layered structure from the insulating

substrate 2 to the planarization film 33 is called a

transistor array substrate 50. In the transistor array

substrate 50, assemblies each having the switch

transistor 21, holding transistor 22, and driving

transistor 23 are arrayed in a matrix when viewed from

the upper side.

The layer structure formed on the upper surface of

the transistor array substrate 50 will be described

“next. The plurality of pixel electrodes 20a are

arrayed in a matrix on the surface of the transistor

array substrate 50, i.e., the upper surface of the

planarization film 33. A plurality of contact holes 95

are formed in the planarization film 33 and protective

insulating film 32 while overlapping the pixel

electrodes 20a and the upper electrodes 24B of the

capacitors 24. Conductive pads are buried in the

contact holes 95. Hence, the pixel electrode 20a is

electrically connected to the upper electrode 24B of

the capacitor 24, the drain 2ld of the switch
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transistor 21, and the source 23s of the driving

transistor 23 through the contact hole 95 formed

through the planarization film 33 and protective
insulating film 32. The conductive pad in the contact

hole 95 is formed by electroplating.

The pixel electrode 20a is an electrode

functioning as the anode of the organic EL element 20.

More specifically, the work function of the pixel

electrode 20a is preferably relatively high so that

holes can efficiently be injected into the organic EL

layer 20b (to be described later). In a bottom

emission structure, the pixel electrode 20a has a

transparency to visible light. As the pixel electrode

20a, for example, a metal oxide containing, e.g.,

indium tin oxide (ITO), indium zinc oxide, indium oxide

(Ing03), tin oxide (SnO3), zinc oxide (ZnO), or cadmium

tin oxide (CTO) as the major component can be used.

To use the EL display panel 1 as a top emission

type, i.e., to use the opposite side of the insulating

substrate 2 as the display screen, a reflecting film

having conductivity and high visible light reflectance

is preferably formed between the pixel electrode 20a

and the planarization film 33.

The pixel electrodes 20a are formed, using

photolithography and etching, by patterning a

conductive film (a transparent conductive film for a

bottom emission type) formed on the entire surface of
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the planarization film 33. On the feed

interconnections 90 between the pixel electrodes 20a

adjacent in the vertical direction, conductive lines 51

electrically connected to the feed interconnections 90

along them are patterned on alternate columns of the

pixel electrodes 20a. The conductive lines 51 are

patterned together with the pixel electrodes 20a by

etching a conductive film as the prospective pixel

electrodes 20a. The width of each conductive line 51

is so larger than that of the feed interconnection 90

under it that the feed interconnection 90 is covered

not to expose and protected from the etchant of the

conductive lines 51.

A mesh-shaped insulating film 52 made of

insulating material such as silicon nitride is

patterned between the pixel electrodes 20a. More

specifically, the insulating film 52 is formed into a

grid shape so that it runs in the row direction to

cover the conductive lines 51 and not to expose them

and also runs in the column direction as an underlayer

of the common interconnections 91 (to be described

later). The common interconnections 91 are formed

along the column direction on the insulating film 52

between the pixel electrodes 20a adjacent in the

horizontal direction.

Since the common interconnections 91 are formed by

electroplating, they are much thicker than the signal
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lines Yy to Yn, the scan lines Xj to Xp, the supply

lines 21 to Zm, and the gates, sources, and drains of

the transistors 21 to 23. The common interconnections

91 contain at least one of copper, aluminum, gold, and

nickel.

A liquid repellent conductive film 55 having water

repellency and/or oil repellency is formed on the upper

surface of each common interconnection 91. The liquid

repellent conductive films 55 are formed by reducing

and eliminating hydrogen atoms (H) of the mercapto

group (-SH) of triazyl-trithiol expressed by chemical

formula (1), and oxidizing and adsorbing sulfur atoms

(S) in the surfaces of the common interconnections 91.

SH

A
LAa

HS N SH

In the liquid repellent conductive film 55,

triazyl-trithiol molecules are formed very thin on the

surface of the common interconnection 91. For this

reason, the liquid repellent conductive. film 55 has a

very low resistance in the direction of thickness and

rarely has insulating properties. To make the water

repellency and/or oil repellency more effective, a

triazinethiol derivative in which an alkyl fluoride

group substitute for one or two mercapto groups of
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triazyl-trithiol may be used in place of

triazyl-trithiol. Such a triazyl compound can

selectively be coated and bonded to a metal like the

common interconnection 91. More specifically, an

aqueous solution of 6-dimethylamino-1,3,5-triazine-2,

and 4-dithiol-sodium salt is prepared at a

concentration of 1073 mol/L. When the common

interconnection 91 is dipped in the aqueous solution at

a liquid temperature of 26C for a dipping time of

30 min, the liquid repellent conductive film 55 having

a thickness of about 0.7 nm is formed on the surface of

the common interconnection 91 (the thickness is a

measured value by ellipsometer). Alternatively, an

aqueous solution of 6-didodecylamino-1,3,5-triazine-2,

and 4-dithiol-sodium salt is prepared at a

concentration of 1073 mol/L. When the common

interconnection 91 is dipped in the aqueous solution at

a liquid temperature of 46°C for a dipping time of
30 min, the liquid repellent conductive film 55 having

a thickness of about 1.8 nm is formed on the surface of

the common interconnection 91 (the thickness is a

measured value by ellipsometer).

Alternatively, an aqueous solution of sodium

hydroxide and a triazinethiol derivative (e.g.,

expressed by the chemical formula below) using

pure water as the solvent may be applied to the

common interconnection 91 to coat it with the
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triazinethiol derivative. For this solution, the

concentration of the triazinethiol derivative is set to

2.0 X 1073 mol/L, and that of sodium hydroxide is set

to 2.0 X 1073 mol/L.

As described above, the fluorine-based

triazinethiol compound in which at least part of

hydrogen of an alkyl group is substituted with a

fluorine group exhibits stronger liquid repellency than

a triazinethiol compound containing no fluorine.

The organic EL layer 20b of the organic EL element

20 is formed on the pixel electrode 20a. The organic

EL layer 20b is a light-emitting layer of broad sense.

The organic EL layer 20b contains a light-emitting

material (phosphor) as an organic compound. The

organic EL layer 20b has a two-layer structure in which
a hole transport layer and a light-emitting layer of

Narrow sense are formed sequentially on the pixel

electrode 20a. The hole transport layer is made of

PEDOT (polythiophene) as a conductive polymer and PSS
(polystyrene sulfonate) as a dopant. The

light-emitting layer of narrow sense is made of a
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polyfluorene-based light-emitting material.

The organic EL layer 20b is formed by wet coating

(e.g., ink-jet method) after coating of the liquid

repellent conductive film 55. In this case, an organic

compound-containing solution containing an organic

compound as the prospective organic EL layer 20b is

applied to the pixel electrode 20a. The liguid level

of the organic compound~containing solution is higher

than the top of the insulating film 52. The thick

common interconnection 91 whose top is much higher than

that of the insulating film 52 is provided between the

pixel electrodes 20a adjacent in the horizontal

direction. The common interconnection 91 prevents the

organic compound-containing solution applied to a pixel

electrode 20a from leaking to the pixel electrodes 20a

adjacent in the horizontal direction. In addition, the

common interconnection 91 is coated with the liquid

repellent conductive film 55 having water repellency

and/or oil repellency, which repels the organic

compound-containing solution applied to the pixel

electrode 20a. The organic compound-containing

solution applied to the pixel electrode 20a is never

deposited excessively thick near the edge of the

insulating line 52 as compared to the center of the

pixel electrode 20a. Hence, the organic EL layer 20b

formed by drying the organic compound-containing

solution can have a uniform thickness.
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When the organic EL layer 20b is formed between

the common interconnections 91 in the above-described

way, a stripe structure in which a region R where the

organic EL layer 20b to emit red light is formed, a

region G where the organic EL layer 20b to emit green

light is formed, and a region B where the organic EL

layer 20b to emit blue light is formed are arrayed in

this order, as shown in FIG. 12, is formed. A

plurality of pixels in the same column emit light of

the same color. |

When viewed from the upper side, the applied

organic compound-containing solution is uniformly

distributed vertically in each column because its left

and right sides are partitioned by the common

interconnections 91. Hence, the plurality of organic

EL layers 20b arrayed in the vertical direction have

the same layer structure and emit light of the same

color. The pixel electrode 20a and organic EL layer

20b need not always have a band shape long in the

vertical direction. Alternately, they may be long in

the horizontal direction.

The organic EL layer 20b need not always have the

two-layer structure. A three-layer structure including

a hole transport layer, a light-emitting layer of

narrow sense, and an electron transport layer

sequentially from the pixel electrode 20a may be

employed. A single-layer structure including a
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light-emitting layer of narrow sense may be used. A

layered structure having an electron or hole injection

layer inserted between appropriate layers in one of the

above layer structures may be employed. Any other

layered structures can also be used.

A counter electrode 20c functioning as the cathode

of the organic BL element 20 is formed on the organic

EL layer 20b. The counter electrode 20c is a common

electrode commonly formed on the entire surface for all

pixels. The counter electrode 20c formed on the entire

surface covers the common interconnections 91 while

sandwiching the liquid repellent conductive film 55

between them. For this reason, the counter electrode

20c is electrically connected to the common

interconnection 91, as shown in the circuit diagram of
FIG. 2.

The counter electrode 20c is formed from a

material having a work function lower than the pixel

electrode 20a. The counter electrode 20c is preferably

made of, e.g., a single substance selected from

magnesium, calcium, lithium, barium, indium, and a rare

earth metal, or an alloy containing at least one of

these single substances. The counter electrode 20c may

have a layered structure in which the layers of various

kinds of materials described above are stacked, ora

layered structure in which a metal layer hard to

oxidize is deposited in addition to the layers of
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various kinds of materials described above to lower the

sheet resistance. More specifically, a layered

structure including a highly pure barium layer having a

low work function and provided on the interface side

contacting the organic EL layer 20b, and an aluminum

layer provided to cover the barium layer, or a layered

structure including a lithium layer on the lower side

and an aluminum layer on the upper side can be used.

In a top emission structure, the counter electrode 2?0c

may be a transparent electrode having the

above-described thin film with a low work function and

a transparent conductive film made of, e.g., ITO on the

thin film.

A sealing insulating film 56 is formed on the

counter electrode 20c. The insulating film 56 is an

inorganic or organic film provided to cover the entire

counter electrode 20c to prevent its degradation.

Conventionally, in an EL display panel having a

top emission structure, at least part of the counter

electrode 20c is formed as a transparent electrode made

of, e.g., a metal oxide having a sufficiently high

resistance value. The sheet resistance cannot be

sufficient low unless the material is sufficiently

thick. When the material is thick, the transmission of

the organic EL element inevitably decreases. The

larger the screen becomes, the harder a uniform

potential is obtained in a plane. Hence, the display
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In this embodiment, however, the plurality of

common interconnections 91 with a low resistance are

provided to obtain a sufficient thickness in the

vertical direction. Hence, the sheet resistance value

ef the entire cathode electrodes of the organic EL

elements 20 can be decreased together with the counter

electrode 20c so that a sufficient large current can be

supplied uniformly in a plane. In this structure, the

common interconnections 91 reduce the sheet resistance

of the cathode electrode. For this reason, the

transmittance can be increased by forming the counter

electrode 20c thin. In a top emission structure, the

pixel electrode 20a may be made of a reflecting

material.

[Manufacturing Method of Transistor Array Substrate and

EL Display Panel]

A method of manufacturing the transistor array

substrate 50 and EL display panel 1 will be described.

A gate layer is formed on the entire surface of

the insulating substrate 2 by vapor deposition such as

CVD, PVD, or sputtering. The gate layer is

sequentially subjected to photolithography and etching

to pattern the gates 21g, 22g, and 23g and the

electrodes 24A of the pixel circuits P1,1 to Pm,n and

the signal lines Yj to Ypy.

The gate insulating film 31 is formed on the
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entire surface by vapor deposition. The contact holes
92 to 94 of the pixel circuits Pj1,1 to Pm,n are formed

through the gate insulating film 31 by photolithography

and etching.

Vapor deposition, photolithography, and etching

are sequentially executed to pattern the semiconductor

films 21c, 22c, and 23c of the pixel circuits Pj1,1 to

‘Pm,n- Vapor deposition, photolithography, and etching
are sequentially executed to pattern the channel

protective films 2lp, 22p, and 23p of the pixel

circuits Pj,1 to Pm,n- Vapor deposition,

photolithography, and etching are sequentially executed

to pattern the impurity-doped semiconductor films 21a,

22a, 23a and impurity-doped semiconductor films 21b,

22b, and 23b of the pixel circuits P1,1 to Pm,n-

A drain layer is formed on the entire surface of

the gate insulating film 31 by vapor deposition. The

contact holes 92 to 94 of the pixel circuits P11 to

Pm,n are filled with parts of the drain layer.

The drain layer is sequentially subjected to

photolithography and etching to pattern the drains 21d,

22d, and 23d, the sources 21s, 22s, and 23s, and the

electrodes 24B of the pixel circuits P1,1 to Pm n, the

scan lines Xj to Xm, and the supply lines 2,1 to Zp.

The protective insulating film 32 is formed on the

entire surface by vapor deposition. A resin is applied

onto the entire protective insulating film 32 and dried

LG Display Co., Ltd.
Exhibit 1002

Page 042



LG Display Co., Ltd. 
Exhibit 1002 

Page 043

10

15

20

25

_ 39 -

to form the planarization film 33 on the entire

surface.

The contact holes 95 of the pixel circuits Pi,1 to

Pm,n are formed through the protective insulating film

32 and planarization film 33. The trenches 34 are

formed in the protective insulating film 32 and

planarization film 33 at positions overlapping the

supply lines 241 to Zp.

Electroplating is executed by applying a voltage

to the supply lines Z1 to Zm and the electrodes 24B to

grow the feed interconnections 90 in the trenches 34

and also grow conductive pads in the contact holes 95.

With this process, the feed interconnections 90 are

formed on the supply lines Z1 to 2m in the trenches 34,

and the conductive pads are formed on the electrodes

24B in the contact holes 95.

In this way, the transistor array substrate 50 is

completed.

A transparent conductive film is formed on the

entire surface of the transistor array substrate 50 by

vapor deposition. The transparent conductive film is

sequentially subjected to photolithography and etching

to pattern the pixel electrodes 20a of the pixel

circuits Py,1 to Pm,» and the conductive lines 51.

An insulating film is formed on the entire surface

by vapor deposition. On the insulating film, the

common interconnections 91 are grown by electroplating
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between the pixel electrodes 20a adjacent in the

horizontal direction.

A triazyl-trithiol solution is applied on the

“entire surface, or the panel is dipped ina

triazyl-trithiol solution to selectively form the

liquid repellent conductive film 55 on the surfaces of

the common interconnections 91. The liquid repellent

conductive films 55 are formed on the surfaces of the

common interconnections 91 because of the properties of

triazyl-trithiol. No liquid repellent conductive film

is formed on the surface of the insulating film.

The insulating film is sequentially subjected to

photolithography and etching to pattern the insulating

film into the insulating film 52 having openings in a

matrix. With this process, the pixel electrodes 20a

are exposed.

By wet coating, the organic EL layers 20b are

patterned. The thick common interconnections 91 are

provided between the pixel electrodes 20a adjacent in

the horizontal direction. In addition, the common

interconnections 91 are coated with the liquid

repellent conductive films 55 having water repellency

and/or oil repellency. Hence, the organic

compound-containing solution applied to each pixel

electrode 20a does not leak to the adjacent pixel

electrodes 20a. The organic compound-containing

solution applied to each pixel electrode 20a is not
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thick around it because of the water repellency and/or

oil repellency of the liquid repellent conductive film

55. Hence, the organic EL layer 20b can be formed in a

uniform thickness.

The counter electrode 20c is formed on the entire

surface by vapor deposition. The sealing insulating

film 56 is formed on the entire surface by vapor

deposition.

In this way, the EL display panel 1 is completed.

(EL Display Panel Driving Method]

The EL display panel 1 can be driven by the active

matrix method in the following way. As shown in

FIG. 13, a select driver connected to the scan lines Xj

to Xm sequentially outputs a shift pulse of high level

to the scan lines Xj to Xm in this order (the scan line

X 1 next to the scan line X,), thereby sequentially

selecting the scan lines Xj} to Xm. A feed driver is

connected to the feed interconnections 90. The feed

driver applies the write feed voltage VL to supply a

write current to the driving transistors 23 connected

to the supply lines Z1 to Zp, through the feed

interconnections 90 during a selection period. The

feed driver applies the driving feed voltage VH to

supply a driving current to the organic EL elements 20

through the driving transistors 23 during a light

emission period. The feed driver sequentially outputs

the write feed voltage VL of low level (lower than the

LG Display Co., Ltd.
Exhibit 1002

Page 045



LG Display Co., Ltd. 
Exhibit 1002 

Page 046

10

15

20

25

—_ 42 =

voltage of the counter electrode of the organic EL

elements 20) to the supply lines Z1 to Z, in this order

(the supply line 2} next to the supply line Z,) in

synchronism with the select driver, thereby

sequentially selecting the supply lines 2] to Zp.

While the select driver is selecting the scan lines Xj

to Xm, a data driver supplies a write current (current

signal) to all the signal lines Yj to Yn through the

source-to-drain paths of the driving transistors 23 of

a predetermined row. At this time, the feed driver

also outputs the write feed voltage VL of low level

from both the interconnection terminals 90b and 90c to

the feed interconnections 90 connected to the supply

lines 21 to Zm.- The counter electrode 20c and common

interconnections 91 are connected to an external device

through the interconnection terminals 9lc and held

at the predetermined common potential Vcom (e.g.,

ground = OV).

During the selection period of the scan line Xj,

the shift pulse of high level is output to the scan

line Xj of the ith row so that the switch transistor 21

and holding transistor 22 are turned on. In each

selection period, the potential on the data driver side

is equal to or lower than the write feed voltage VL

output to the feed interconnections 90 and the supply

lines 21 to Zn. The write feed voltage VL is set to be

equal to or lower than the common potential Vcom. At
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this time, no current flows from the organic EL

elements 20 to the signal lines Y; to Yn. As Shown in

FIG. 2, a write current (current signal) having a

current value corresponding to the gray level is

supplied from the data driver to the signal lines Yj to

Yn, as indicated by an arrow A. In the pixel circuit

Pi,j the write current (current signal) to the signal

line Y3 flows from the feed interconnection 90 and

supply line 2; through the source-to-drain path of the

driving transistor 23 and the source-to-drain path of

the switch transistor 21. The current value of the

current flowing through the source-to-drain path of the

driving transistor 23 is uniquely controlled by the

data driver. The data driver sets the current value of

the write current in accordance with an externally

input gray level. While the write current (current

signal) is flowing, the voltage between the gate 23g

and source 23s of the driving transistor 23 of each of

pixel circuits Pj},/1 to Py,n of the ith row is forcibly

set in accordance with the current value of the write

Current (current signal) flowing to the signal lines Yj

to Yn, i.e., the current value of the write current

(current signal) flowing between the drain 23d and

source 23s of the driving transistor 23 independently

of the change over time in the Vg-Ids characteristic of

the driving transistor 23. Charges with a magnitude

corresponding to the level of this voltage are stored
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in the capacitor 24 so that the current value of the

write current (current signal) is converted into the

voltage level between the gate 23g and source 23s of

the driving transistor 23. In the subsequent light

emission period, the scan line Xj changes to low level

so that the switch transistor 21 and holding transistor

22 are turned off. The charges on the side of the

lower electrode 24A of the capacitor 24 are confined by

the holding transistor 22 in the OFF state, anda

floating state is set. Hence, even when the voltage of

the source 23s of the driving transistor 23 is

modulated at the time of transition from the selection

period to the light emission period, the potential

difference between the gate 23g and source 23s of the

driving transistor 23 is maintained. During the light

emission period, the potential of the supply line 23;

and the feed interconnection 90 connected to it equals

the driving feed voltage VH which is higher than the

potential Vcom of the counter electrode 20c of the

organic EL element 20. Hence, a driving current flows

from the supply line Z; and the feed interconnection 90

connected to it to the organic EL element 20 in the

direction of arrow B through the driving transistor 23.

Hence, the organic EL element 20 emits light. The

current value of the driving current depends on the

voltage between the gate 23g and source 23s of the

driving transistor 23. For this reason, the current
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value of the driving current during the light emission

period equals the current value of the write current

(pull-out current) during the selection period.

Another active matrix driving method of the EL

display panel 1 is as follows. As shown in FIG. 14, an

oscillation circuit outputs a clock signal to the feed

interconnections 90 and supply lines 21 to Zp. The

select driver sequentially outputs a shift pulse of

high level to the scan lines Xj to X, in this order

(the scan line X1 next to the scan line Xm), thereby

sequentially selecting the scan lines Xj to Xm. While

the select driver is outputting the shift pulse to one

of the scan lines X1 to Xm, the clock signal from the

oscillation circuit changes to low level. When the

select driver selects the scan lines Xj to Xm, the data

driver supplies a pull-out current (current signal) as

the write current to all the signal lines Yj to Yy

through the source-to-drain paths of the driving

transistors 23. The counter electrode 20c and feed

interconnections 90 are held at the predetermined

common potential Vcom (e.g., ground = OV).

During the selection period of the scan line Xj,

the shift pulse is output to the scan line X; of the

ith row so that the switch transistor 21 and holding

transistor 22 are turned on. In each selection period,

the potential on the data driver side is equal to or

lower than the clock signal output to the feed
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interconnections 90 and supply lines Zj to Z,. The low

level of the clock Signal is set to be equal to or

lower than the common potential Vcom. At this time, no

current flows from the organic EL elements 20 to the

Signal lines Yj; to Yn. As shown in FIG. 2, a write

current (pull-out current) having a current value

corresponding to the gray level is supplied from the

data driver to the signal lines Yj to Yn, as indicated

by the arrow A. In the pixel circuit Pi,j- the write

current (pull-out current) to the signal line Y5 flows

from the feed interconnection 90 and supply line 2;

through the source-to-drain path of the driving

transistor 23 and the source-to-drain path of the

switch transistor 21. The current value of the current

flowing through the source-to-drain path of the driving

transistor 23 is uniquely controlled by the data

driver. The data driver sets the current value of the

write current (pull-out current) in accordance with an

externally input gray level. While the write current

(pull-out current) is flowing, the voltage between the

gate 23g and source 23s of the driving transistor 23 of

each of the pixel circuits Pj,1 to Py,n of the ith row

is forcibly set in accordance with the current value of

the write current (pull-out current) flowing to the

signal lines Yj to Yp, i.e., the current value of the

write current (pull-out current) flowing between the

drain 23d and source 23s of the driving transistor 23
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independently of the change over time in the Vg-Ids

characteristic of the driving transistor 23. Charges

with a magnitude corresponding to the level of this

voltage are stored in the capacitor 24 so that the

current value of the write current (pull-out current)

is converted into the voltage level between the gate

23g and source 23s of the driving transistor 23. In

the subsequent light emission period, the scan line Xj

changes to low levei so that the switch transistor 21

and holding transistor 22 are turned off. The charges

on the side of the iower electrode 24A of the capacitor

24 are confined by the holding transistor 22 in the OFF

state, and a floating state is set. Hence, even when

the voltage of the source 23s of the driving transistor

23 is modulated at the time of transition from the

selection period to the light emission period, the

potential difference between the gate 23g and source

23s of the driving transistor 23 is maintained. Of the

selection period, during a period in which no row is

selected, i.e., the clock signal is at high level, and

the potential of the feed interconnection 90 and supply

line Z; is higher than the potential Vcom of the

counter electrode 20c of the organic EL element 20 and

the feed interconnection 90, the driving current flows

from the feed interconnection 90 and supply line Z4

with a higher potential to the organic EL element 20

through the source-to-drain path of the driving
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transistor 23 in the direction of arrow B. Hence, the

organic EL element emits light. The current value of

the driving current depends on the voltage between the

gate 23g and source 23s of the driving transistor 23.

For this reason, the current value of the driving

current during the light emission period equals the

current value of the write current (pull-out current)

during the selection period. Of the selection period,

during a period in which any row is selected, i.e., the

clock signal is at low level, the potential of the feed

interconnection 90 and supply line Z; is equal to or

lower than the potential Vcom of the counter electrode

20c and feed interconnection 90. Hence, no driving

current flows to the organic EL element 20, and thus no

light emission occurs.

In either driving method as described above, the
switch transistor 21 functions to turn on (selection

period) and off (light emission period) of the current

between the signal line Y3 and the source 23s of the

driving transistor 23. The holding transistor 22

functions to make it possible to supply the current

between the source 23s and drain 23d of the driving

transistor 23 during the selection period and hold the

voltage applied to the gate 23g of the driving

transistor 23 during the light emission period. The

driving transistor 23 functions to drive the organic EL

element 20 by supplying a current having a magnitude
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corresponding to the gray level to the organic EL

element 20.

As described above, the magnitude of the current

flowing to the feed interconnection 90 equals the sum

of the magnitudes of driving currents flowing to the n

Organic EL elements 20 connected to the scan line Xy of

one column. When a selection period to do moving image

driving using pixels for VGA or more is set, the

parasitic capacitance of the feed interconnection 90

increases. The resistance of a thin film such as the

gate or the source/drain of a thin-film transistor is

so high that the write current (i.e. driving current)

cannot be supplied to the n organic EL elements 20. In

this embodiment, the feed interconnections 90 are

formed from a conductive layer different from the

gates, sources and drains of thin-film transistors of

the pixel circuits Pj, to Pm,n- For this reason, the

voltage drop by the feed interconnections 90 is small.

Even in a short selection period, the write current

(pull-out current) can sufficiently be supplied without

any delay. Since the resistance of the feed

interconnection 90 is lowered by thickening it, the

feed interconnection 90 can be made narrow. Ina

bottom emission structure, the decrease in pixel

opening ratio can be minimized.

Similarly, the magnitude of the driving current

flowing to the common interconnection 91 during the
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light emission period equals that of the write current

(pull-out current) flowing to the feed interconnection

90 during the selection period. Since a conductive

layer different from the gates, sources and drains of

thin-film transistors of the pixel circuits Pj, 1 to

Pm,n is connected to the counter electrode 20c, the

common interconnection 91 can be made thick, and its

resistance can be lowered. In addition, even when the

counter electrode 20c itself becomes thin and increases

its resistance, the voltage of the counter electrode

20c can be uniformed in the plane. Hence, even if the

same potential is applied to all the pixel electrodes

20a, the light emission intensities of the organic EL

layers 20b almost equal, and the light emission

intensity in the plane can be uniformed.

When the EL display panel 1 is used as a top

emission type, the counter electrode 20c can be made

thinner. Hence, light emitted from the organic EL

layer 20b hardly attenuates while passing through the

counter electrode 20c. Additionally, since the common

interconnection 91 are provided between the pixel

electrodes 20a adjacent in the horizontal direction

when viewed from the upper side, the decrease in pixel

opening ratio can be minimized.

The supply lines 21 to Zp, are the upper layers of

the signal lines Yy to Yy. In the manufacturing

process of the transistor array substrate 50 and EL
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display panel 1, when the structure is dipped ina

plating solution while a voltage is applied to the

supply lines Z1 to Zp, by using them as an underlayer,

the feed interconnections 90 can be grown on the supply

lines Z1 to Zp.

When the EL display panel 1 has pixels

corresponding to WXGA (768 X 1366), the desired width

and sectional area of the feed interconnection 90 and

common interconnection 91 are defined. FIG. 15 isa

graph showing the current vs. voltage characteristic of

the driving transistor 23 and organic EL element 20 of

each of the pixel circuits Pj,1 to Pm,n-

Referring to FIG. 15, the ordinate represents the

current value of the write current flowing between the

source 23s and drain 23d of one driving transistor 23

or the current value of the driving current flowing

between the anode and cathode of one organic EL element

20. The abscissa represents the voltage between the

source 23s and drain 23d of one driving transistor 23

(also the voltage between the gate 23g and drain 23d of

one driving transistor 23). Referring to FIG. 15, a

solid line Ids max indicates a write current and

driving current for the highest luminance gray level

(brightest display). A one-dot dash line Ids mid

indicates a write current and driving current for an

intermediate highest luminance gray level between the

highest luminance gray level and the lowest luminance
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gray level. A two-dots dash line Vpo indicates a

threshold value between the unsaturation region (linear

region) and the saturation region of the driving

transistor 23, i.e., the pinch-off voltage. A three-

dots dash line Vds indicates a write current flowing

between the source 23s and drain 23d of the driving

transistor 23. A broken line IEL indicates a driving

current flowing between the anode and cathode of the

organic EL element 20.

A voltage VP1l is the pinch-off voltage of the

driving transistor 23 for the highest luminance gray

level. A voltage VP2 is the source-to-drain voltage of

the driving transistor 23 when a write current for the

highest luminance gray level flows. A voltage VELmax

(voltage VP4 - voltage VP3) is the anode-to-cathode

voltage when the organic EL element 20 emits light by a

driving current of the highest luminance gray level,

which has a current value equal to that of the write

current for the highest luminance gray level. A

voltage VP2' is the source-to-drain voltage of the

driving transistor 23 when a write current for the

intermediate luminance gray level flows. A voltage

(voltage VP4' - voltage VP3') is the anode-to-cathode

voltage when the organic EL element 20 emits light by a

driving current of the intermediate luminance gray

level, which has a current value equal to that of the

write current for the intermediate luminance gray
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To drive the driving transistor 23 and organic EL

element 20 in the saturation region, a value VX

obtained by subtracting (the voltage Vcom of the common

interconnection 91 during the light emission period)

from (the driving feed voltage VH of the feed

interconnection 90 during the light emission period)

satisfies

VX = Vpo + Vth + Vm + VEL 2. (2)

where Vth (= VP2 - VP1 for the highest luminance) is

the threshold voltage of the driving transistor 23, VEL

(= VEmax for the highest luminance) is the

anode-to-cathode voltage of the organic EL element 20,

and Vm is an allowable voltage which displaces in

accordance with the gray level.

As is apparent from FIG. 15, the higher the

luminance gray level is, the higher the voltage

(Vpo + Vth) necessary between the source and drain of

the transistor 23 is, and also, the higher the voltage

VEL necessary between the anode and cathode of the

organic EL element 20 is. Hence, the allowable voltage

Vm becomes low as the luminance gray level becomes

high. A minimum allowable voltage Vmin is VP3 - VP2.

The organic EL element 20 generally degrades and

increases its resistance over time no matter whether a

low or high molecular weight EL material. It has been

confirmed that the anode-to-cathode voltage after
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10,000 hrs is about 1.4 to several times that in the

initial state. That is, the voltage VEL rises along

with the elapse of time even when the luminance gray

level does not change. The operation is stable for a

long time when the allowable voltage Vm in the initial

driving state is as high as possible. Hence, the

voltage VX is set such that the voltage VEL becomes 8V

or more and, more preferably, 13V or more.

The allowable voltage Vm includes not only the

increase amount of the resistance of the organic EL

element 20 but also the voltage drop by the feed

interconnection 90.

If the voltage drop is large because of the

interconnection resistance of the feed interconnection

90, the power consumption of the EL display panel 1

considerably increases. Hence, the voltage drop of the

feed interconnection 90 is especially preferably set to

1V or less. When the panel size of the EL display

panel 1 is 32 inches, the current value of one organic

EL element 20 for the maximum luminance gray level is

set to about 5.4 wA to 6.8 WA. For a 40-inch panel,

the current value is set to 8.5 wA to 11.0 WA.

A pixel width Wp as the row-direction length of

one pixel, the number of pixels (1366) in the row

direction, the extension portion from the feed

interconnection 90 to the interconnection terminal 90b

in the non-pixel region on the left side, and the
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extension portion from the feed interconnection 90 to

the interconnection terminal 90c in the non-pixel

region on the right side are taken into consideration.

In this case, the total length of the feed

interconnection 90 is 706.7 mm for the EL display panel

l with a panel size of 32 inches or 895.2 mm for

40 inches. If a line width WL of the feed

interconnection 90 and common interconnection 91 is

large, the area of the organic EL layer 20b decreases

structurally. In addition, the overlap parasitic

capacitance to other interconnections is also

generated, and the voltage drop becomes larger. To

prevent this, the line width WL of the feed

interconnection 90 and common interconnection 91 is

preferably suppressed to 1/5 or less the pixel width

Wp. In consideration of this, the line width WL of the

feed interconnection 90 and common interconnection 91

is 34 um or less for the EL display panel 1 with a

panel size of 32 inches or 44 wm or less for

40 inches. A maximum thickness Hmax of the feed

interconnection 90 and common interconnection 91 is

1.5 times the minimum process size (4 um) of the

transistors 21 to 23, i.e., 6 wm when the aspect ratio

is taken into consideration. A maximum sectional area

Smax of the feed interconnection 90 and common

interconnection 91 is 204 um? for 32 inches or 264 um2

for 40 inches.
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To make the maximum voltage drop of the feed

interconnection 90 and common interconnection 91 1V or

less when the 32-inch EL display panel 1 is fully

lighted to flow the maximum current, an interconnection

resistivity o/sectional area S of the feed

interconnection 90 and common interconnection 91 must

be set to 4.7 Q/cm or less, as shown in FIG. 16.

FIG. 17 shows the correlation between the sectional

area and the current density of the feed

interconnection and common interconnection of the

32-inch EL display panel 1. The resistivity allowed

when the above-described feed interconnection 90 and

common interconnection 91 have the maximum sectional

area Smax is 9.6 wQcm for 32 inches or 6.4 uw Qem for

40 inches.

To make the maximum voltage drop of the feed

interconnection 90 and common interconnection 91 1V or

less when the 40-inch EL display panel 1 is fully

lighted to flow the maximum current, the

interconnection resistivity o/sectional area S of the

feed interconnection 90 and common interconnection 91

must be set to 2.4 Q/cm or less, as shown in FIG. 18.

FIG. 19 shows the correlation between the sectional

area and the current density of the feed

interconnection and common interconnection of the

40-inch EL display panel 1.

A median time to failure MTF at which the EL
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display panel stops operation due to a failure in the

feed interconnection 90 and common interconnection 91

satisfies

MTF = Aexp (Ea/KpT)/ J ..+ (3)

where Ba is an activation energy, KpT = 8.617 x

1079 eV, op is the resistivity of the feed

interconnection 90 and common interconnection 91, and J

is a current density.

The median time to failure MTF of the feed

interconnection 90 and common interconnection 91 is

determined by an increase in resistivity and

electromigration. When the feed interconnection 90 and
common interconnection 91 are set to an Al-based

material (Al single substance or an alloy such as ALTi

or A1Nd), and calculation is done on trial for MTF of

10,000 hrs and an operation temperature of 85°, the

current density J must be 2.1 X 104 A/cm2 or less.

When the feed interconnection 90 and common

interconnection 91 are set to Cu, the current density J

must be 2.8 X 106 A/cm2 or less. It is assumed that

materials except Al in an Al alloy have a resistivity

lower than Al.

In consideration of these, in the 32-inch EL

display panel 1, the sectional area S of the Al-based

‘feed interconnection 90 and common interconnection 91

must be 57 wm2 or more to prevent any failure in them

in the full lighting state for 10,000 hrs, as is
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apparent from FIG. 17. The sectional area S of the

feed interconnection 90 and common interconnection 91

made of Cu must be 0.43 ye m2 or more, as is apparent

from FIG. 17.

In the 40-inch EL display panel 1, the sectional

area S of the Al-based feed interconnection 90 and

common interconnection 91 must be 92 wm or more to

prevent any failure in them in the full lighting state

for 10,000 hrs, as is apparent from FIG. 19. The |
sectional area S of the feed interconnection 90 and

common interconnection 91 made of Cu must be 0.69 um?

or more, as is apparent from FIG. 19.

In the 32-inch EL display panel 1, the

interconnection resistivity po/sectional area S$ of the

Al-based feed interconnection 90 and common

interconnection 91 is 4.7 Q/cm or less, as described

above, assuming that the resistivity of the Al-based

material is 4.0 wQcm. Hence, a minimum sectional area

Smin is 85.1 um, Since the line width WL of the feed

interconnection 90 and common interconnection 91 is

34 um or less, as described above, a minimum thickness

Hmin of the feed interconnection 90 and common

interconnection 91 is 2.50 um.

In the 40-inch EL display panel 1, the

interconnection resistivity p/sectional area S of the

Al-based feed interconnection 90 and common

interconnection 91 is 2.4 Q/cm or less, as described
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above. Hence, the minimum sectional area Smin is

167 wm2. Since the line width WL of the feed

interconnection 90 and common interconnection 91 is

44 um or less, as described above, the minimum

thickness Hmin of the feed interconnection 90 and

common interconnection 91 is 3.80 um.

In the 32-inch EL display panel 1, the

interconnection resistivity o/sectional area s of the
feed interconnection 90 and common interconnection 91

made of Cu is 4.7 Q/cm or less, as described above,

assuming that the resistivity of Cu is 2.10 wQcm.

Hence, the minimum sectional area Smin is 44.7 m2.

Since the line width WL of the feed interconnection 90

and common interconnection 91 is 34 wm or less, as

described above, the minimum thickness Hmin of the

feed interconnection 90 and common interconnection 91

is 1.31 um.

In the 40-inch EL display panel 1, the

interconnection resistivity o/sectional area S of the

feed interconnection 90 and common interconnection 91

made of Cu is 2.4 Q/cm or less, as described above.

Hence, the minimum sectional area Smin is 87.5 uwm@.

Since the line width WL of the feed interconnection 90

and common interconnection 91 is 44 um or less, as

described above, the minimum thickness Hmin of the

feed interconnection 90 and common interconnection 91

is 1.99 um.
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Hence, to cause the EL display panel 1 to operate

normally at a low power consumption, the voltage drop

in the feed interconnection 90 and common

interconnection 91 is preferably 1V or less. To ensure

such a condition, in a 32-inch panel in which the feed

interconnection 90 and common interconnection 91 are

made of an Al-based material, a thickness H is 2.50 to

6.0 um, the width WL is 14.1 to 34.0 um, and the

resistivity is 4.0 to 9.6 wQcm. In a 40-inch panel in
which the feed interconnection 90 and common

interconnection 91 are made of an Al-based material,

the thickness H is 3.8 to 6.0 um, the width WL is 27.8

to 44.0 um, and the resistivity is 4.0 to 9.6 wQcm.

In general, for the Al-based feed interconnection

90 and common interconnection 91, the thickness H is

2.5 to 6.0 um, the width WL is 14.1 to 44.0 um, and

the resistivity is 4.0 to 9.6 uwQcm.

In a 32-inch panel in which the feed

interconnection 90 and common interconnection 91 are

made of Cu, the thickness H is 1.31 to 6.00 um, the

width WL is 7.45 to 34.0 um, and the resistivity is

2.1 to 9.6 uQcem. In a 40-inch panel in which the feed

interconnection 90 and common interconnection 91 are

made of Cu, the thickness H is 1.99 to 6.00 um, the

width WL is 14.6 to 44.0 wm, and the resistivity is

2.1 to 9.6 uw Qem.

In general, for the feed interconnection 90 and
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common interconnection 91 made of Cu, the thickness H

is 1.31 to 6.00 um, the width WL is 7.45 to 44.00 um,

and the resistivity is 2.1 to 9.6 uQcem.

Hence, when an Al-based material or Cu is used for

the feed interconnection 90 and common interconnection

91, the feed interconnection 90 and common

interconnection 91 of the EL display panel 1 have the

thickness H of 1.31 to 6.00 wm, the width WL of 7.45

to 44.00 wm, and the resistivity of 2.1 to 9.6 uw Qem.

[Second Embodiment]

[Overall Arrangement of EL Display Panel]

FIG. 20 is a schematic view showing an EL display

panel 1 of active matrix driving type. As shown in

FIG. 20, the EL display panel 1 comprises an insulating

substrate 2, n (a plurality of) signal lines Y, to Yy,

m (a plurality of) scan lines X11 to Xm, m (a plurality

of) supply lines 2, to 2m, (m X n) pixel circuits P1/j

to Pm,ns a plurality of feed interconnections 90, anda

plurality of common interconnections 91. The

insulating substrate 2 is optically transparent and has

a flexible sheet shape or a rigid plate shape. The

signal lines Yj to Ypn are arrayed on the insulating

substrate 2 in parallel to each other. The scan lines

Xz to Xm are arrayed on the insulating substrate 2 to

be perpendicularly to the signal lines Y, to Y, when

the insulating substrate 2 is viewed from the upper

side. The supply lines 21 to Z, are arrayed on the
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insulating substrate 2 between the scan lines Xj to Xp

to be parallel to them so that the supply lines and

scan lines alternate. The pixel circuits P,,j1 to Pp,n

are arrayed on the insulating substrate 2 in a matrix

along the signal lines Yj; to Y, and scan lines Xj to

Xm- The feed interconnections 90 are connected to the

supply lines 21 to Zm and branched in parallel to the

Signal lines Y, to Y, when viewed from the upper side.

The common interconnections 91 are provided between the

feed interconnections 90 to be parallel to them such

that the common interconnections 91 and feed

interconnections 90 alternate.

The sum of the total numberof feed

interconnections 90 and the total number of common

interconnections 91 is (n + 1). The feed

interconnection 90 or common interconnection 91 is

provided to partition each of the left and right sides

of each of the pixel circuits Pj,1 to Pm,n in the

running direction of the signal lines Yj to Yp.

The feed interconnections 90 are electrically

connected to each other through a lead interconnection

90a arranged on one edge of the insulating substrate 2
and are set to an equipotential by an external clock

Signal, as will be described later. The lead

interconnection 90a is connected to interconnection

terminals 90b and 90c at the two ends of the insulating

substrate 2. Since an equipotential is applied from an
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external driving circuit to the left terminals 90b and

90c, a current can quickly be supplied to all the feed

interconnections 90. The lead interconnection 90a also

functions as a partition wall to partition, in film

formation, organic EL layers 20b together with the feed

interconnections 90 and common interconnections 91, as

will be described later.

The common interconnections 91 are connected to

each other through a lead interconnection 9la arranged

on another edge of the insulating substrate 2 on the

opposite side of the edge with the interconnection 90a.

A common voltage Vcom is applied to the common

interconnections 91. The lead interconnections 9la

also function as partition walls to partition, in film

formation, the organic EL layers 20b together with the

feed interconnections 90 and common interconnections

91, as will be described later.

In the following description, the direction in

which the signal lines Y1z to Yyp run will be defined as

the vertical direction (column direction), and the

direction in which the scan lines Xj to Xm run will be

defined as the horizontal direction (row direction).

In addition, m and n are natural numbers (m 2 2,

n 2 2). The subscript added to a scan line X

represents the sequence from the top in FIG. 20. The

subscript added to a supply line Z represents the

sequence from the top in FIG. 20. The subscript added
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to a signal line Y represents the sequence from the

left in FIG. 20. The first subscript added to a pixel

circuit P represents the sequence from the top, and the

second subscript represents the sequence from the left.

More specifically, let i be an arbitrary natural number

of 1 to m, and j be an arbitrary natural number of 1 to

mn, a scan line X; is the ith row from the top, a supply

line Zi is the ith row from the top, a signal line Y;

is the jth column from the left, and a pixel circuit

Pi,3j is located on the ith row from the top and the jth

column from the left. The pixel circuit Pj,4 is

connected to the scan line Xi, supply line Zj, and

Signal line Yy-

In the EL display panel 1, regions partitioned in

a matrix by the scan lines Xj to Xm and signal lines Yj

to Yn form pixels. Each of the pixel circuits P1,/1 to

Pm,n 1S provided in one region.

[Circuit Arrangement of Pixel Circuit]

The pixel circuits P],1 to Pm,n have the same

structure. The arbitrary pixel circuit Pig of the

pixel circuits P1,1 to Pm,yn will be described. FIG. 21

is an equivalent circuit diagram of the pixel

circuit Pi,j- FIG. 22 is a plan view mainly showing

the electrodes of the pixel circuit Pj,4 and pixel

circuit Pi, 441-

The pixel circuit Pi,j comprises an organic EL

element 20 serving as a pixel, and a switch transistor
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21, holding transistor 22, driving transistor 23, and

capacitor 24 which are arranged around the organic EL

element 20.

As shown in FIG. 21, in the switch transistor 21

“of the pixel circuit Pi,je a source 21s is electrically

connected to the signal line Yz- A drain 21d of the

transistor 21 is electrically connected to a pixel

electrode 20a of the organic EL element 20, a source

23s of the driving transistor 23, and one electrode 24B

of the capacitor 24. A gate 2lg of the transistor 21

is electrically connected to the scan line X; anda

gate 22g of the holding transistor 22.

In the holding transistor 22, a source 22s is

electrically connected to a gate 23g of the driving

transistor 23 and the other electrode 24A of the

capacitor 24. A drain 22d is electrically connected to

the supply line 2; and a drain 23d of the driving

transistor 23. The gate 22g of the transistor 23 is

electrically connected to the gate 2lg of the switch

transistor 21 and the scan line Xj.

In the driving transistor 23, the source 23s is

electrically connected to the pixel electrode 20a of

the organic EL element 20, the drain 2ld of the switch

transistor 21, and the electrode 24B of the capacitor

24. The drain 23d of the transistor 23 is electrically

connected to the supply line Z; and the drain 22d of

the holding transistor 22. The gate 23g of the same
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transistor is electrically connected to the source 22s

of the holding transistor 22 and the electrode 24A of

the capacitor 24.

The entire EL display panel 1 is viewed from the

upper side, and a focus is placed on only the switch

transistors 21 of the pixel circuits P1,4 to Pm,n- The

plurality of switch transistors 21 are arrayed ina

matrix on the insulating substrate 2. When a focus is

placed on only the holding transistors 22 of the pixel

circuits P,,1 to Pm,n when viewed from the upper side,

the plurality of holding transistors 22 are arrayed in

a matrix on the insulating substrate 2. When a focus

is placed on only the driving transistors 23 of the

pixel circuits P,,/1 to Pm,n when viewed from the upper

side, the plurality of driving transistors 23 are

arrayed in a matrix on the insulating substrate 2.

(Layer Structure of EL Display Panel]

The layer structure of the EL display panel 1 will

be described. The layer structure of the transistors
21 to 23 will be described first.

FIG. 23 is a sectional view of the driving

transistor 23. As shown in FIG. 23, the driving

transistor 23 includes the gate 23g, gate insulating

film 31, semiconductor film 23c, channel protective

film 23p, impurity-doped semiconductor films 23a and

23b, drain 23d, and source 23s. The gate 23g is formed

on the insulating substrate 2. The gate insulating
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film 31 is formed on the gate 23g and substrate 2. The

semiconductor film 23c is formed on the gate insulating

film 31. The channel protective film 23p is formed on

the central portion of the semiconductor film 23c. The

impurity-doped semiconductor films 23a and 23b are

formed on opposite ends of the semiconductor film 23c

to be spaced apart from each other and partially

overlap the channel protective film 23p. The drain 23d

is formed on the impurity-doped semiconductor film 23a.

The source 23s is formed on the impurity-doped

semiconductor film 23b. The drain 23d and source 23s

can have either a single-layer structure or a layered

structure including two or more layers.

The switch transistor 21 and holding transistor 22

also have the same layer structure as the driving

transistor 23, and a description of their sectional

views will be omitted.

The relationship between the layers of the

transistors 21 to 23 and the capacitor 24, the signal

lines Yj to Yp, the scan lines X11 to Xm, and the supply

lines 21 to Z, will be described next with reference to

FIGS. 23 to 25. FIG. 24 is a sectional view taken

along a line XXIV - XXIV in FIG. 22 in the direction of

thickness of the insulating substrate 2. FIG. 25 isa

sectional view taken along a line XXV - XXV in FIG. 22

in the direction of thickness of the insulating

substrate 2.
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As shown in FIGS. 23 to 25, the gates 21g of the

switch transistors 21, the gates 22g of the holding

transistors 22, the gates 23g of the driving

transistors 23, the electrodes 24A of the capacitors

24, and the signal lines Yj to Yy are simultaneously

formed, using photolithography and etching, by
patterning a conductive film formed on the entire

surface of the insulating substrate 2. The signal

lines Yj to Yp,; are interconnections to which a gray

level current signal having a current value

corresponding to the display gray level flows.

The gate insulating film 31 is formed on the

entire surface as a film common to ali the switch

transistors 21, holding transistors 22, and driving

transistors 23. The gate insulating film 31 also

serves as a dielectric film inserted between the lower

electrode 24A and upper electrode 24B of the capacitor

24 and covers the signal lines Yj; to Yn. A protective

film 35a formed by patterning a film as the prospective

semiconductor films 23c is provided on each of the

Signal lines YY] to Yn. A protective film 35b formed by
patterning a film as the prospective impurity-doped

semiconductor films 23a and 23b is formed on the

protective film 35a. The protective films 35a and 35b

protect the signal lines Yy to Y, from any short

circuit formed with any one of the scan lines Xj to Xp

or any one of the supply lines 2] to Z, through
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pinholes formed in the gate insulating film 31.

The drains 21d and sources 21s of the switch

transistors 21, the drains 22d and sources 22s of the

holding transistors 22, the drains 23d and sources 23s

of the driving transistors 23, the electrodes 24B of

the capacitors 24, the scan lines X1 to Xm, and the

supply lines Z1 to Zm are formed by, using

photolithography and etching, by patterning a
conductive film formed on the entire surface of the

gate insulating film 31. As shown in FIG. 22, the scan

line Xj is electrically connected to a contact portion

Cl, which is connected to the gate 21g of the switch

transistor 21 and the gate 22g of the holding

transistor 22, through a contact hole 92 formed in the

gate insulating film 31. The signal line Y is

electrically connected to the source 21s of the switch

transistor 21 through a contact hole 94 formed in the

gate insulating film 31. The source 22s of the holding

transistor 22 is electrically connected to a contact

portion C3, which is connected to the gate 23g of the.

driving transistor 23, through a contact hole 93 formed

in the gate insulating film 3l.

As shown in FIGS. 23 to 25, the switch transistors

21, holding transistors 22, driving transistors 23,

scan lines Xj, tO Xm, and supply lines 21 to Zp are

covered with a protective insulating film 32 formed on

the entire surface. The protective insulating film 32
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is made of silicon nitride or silicon oxide and

insulates and protects the transistors 21 to 23, scan

lines X1 to Xm, and supply lines Z1 to Zp.

A planarization film 33 is formed on the

protective insulating film 32 so that the

three-dimensional pattern of the switch transistors 21,

holding transistors 22, driving transistors 23, scan

lines X1 to Xm, and supply lines 21 to Zm is eliminated

by the planarization film 33. That is, the surface of

the planarization film 33 is flat. The planarization

film 33 is formed by hardening a resin such as

polyimide.

The layered structure from the insulating

substrate 2 to the planarization film 33 is called a

transistor array substrate 50. In the transistor array

substrate 50, the switch transistors 21, holding

transistors 22, and driving transistors 23 are arrayed

in a matrix when viewed from the upper side.

To use the EL display panel 1 as a bottom emission

type, i.e., to use the insulating substrate 2 as the

display screen by outputting light from the organic EL

elements 20 from the insulating substrate 2,

transparent materials are used for the gate insulating

film 31, protective insulating film 32, and

planarization film 33.

The layer structure formed on the surface of the

transistor array substrate 50 will be described next.
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The pixel electrodes 20a are arrayed in a matrix on the

surface of the transistor array substrate 50, i.e., the

surface of the planarization film 33 in correspondence

with the pixel circuits P,,1 to Pm,y- When viewed from

the upper side, the pixel electrode 20a of the pixel

circuit Py,4 is formed in a region divided partitioned

by the adjacent scan line Xj and supply line Z; and the

adjacent signal line Yj and signal line Y441- The

pixel electrode 20a is electrically connected to the

electrode 24B of the capacitor 24, the drain 2ld of the

switch transistor 21, and the source 23s of the driving

transistor 23 through contact holes formed in the

planarization film 33 and protective insulating

film 32.

The pixel electrode 20a is an electrode

functioning as the anode of the organic EL element 20.

More specifically, the work function of the pixel

electrode 20a is preferably relatively high so that

holes can efficiently be injected in the organic EL

layer 20b (to be described later). The pixel electrode

20a has a transparency to visible light. As the pixel

electrode 20a, for example, a metal oxide containing,

e.g., indium tin oxide (ITO), indium zinc oxide, indium

oxide (In203), tin oxide (Sn03), zinc oxide (ZnO), or

cadmium tin oxide (CTO) as the major component can be

used.

To use the EL display panel 1 as a top emission
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type, i.e., to use the opposite side of the insulating

substrate 2 as the display screen, a reflecting film

having conductivity and high visible light reflectance
is preferably formed between the pixel electrode 20a

and the planarization film 33.

The pixel electrodes 20a are formed, using

photolithography and etching, by patterning a

transparent conductive film formed on the entire

surface of the planarization film 33. Between the

pixel electrodes 20a adjacent in the horizontal

direction, conductive lines 51 which are electrically

disconnected from the pixel electrodes 20a and run in

the vertical direction are patterned on alternate

columns, like the feed interconnections 90, in

correspondence with the signal lines Y(4-2k), ---,

Y(4-2), Ys, Y(44+2)+ ---, (k is a natural number). The

conductive lines 51 are patterned together with the

pixel electrodes 20a by etching a transparent

conductive film as the prospective pixel electrodes

20a. A plurality of trench-shaped insulating lines 57

long in the vertical direction are formed on left

and right edge portions of the conductive lines 51.

The feed interconnections 90 are formed on the

conductive lines 51 exposed between the adjacent

insulating lines 57.

Between the pixel electrodes 20a adjacent in the

horizontal direction, conductive lines 52 which are
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electrically disconnected from the pixel electrodes 20a

and run in the vertical direction are patterned on

alternate columns, like the common interconnections 91,

in correspondence with the signal lines Y(j-2k41)r cece

Yoj-1), Yojt 1) Y(5+3)-7 +++, (kK is a natural number).

The both sides of the insulating films 52 partially

overlap the edge portions of the pixel electrodes 20a

to increase the opening ratio. However, they may not

overlap the edge portions of the pixel electrodes 20a.

Of the insulating films 52, the insulating films 52

which do not overlap the conductive lines 51 have the

common interconnections 91 formed thereon.

The feed interconnections 90 are much thicker than

the insulating films 52 and rise from the insulating

films 52. The feed interconnections 90 are formed by

electroplating and are therefore much thicker than the

signal lines Y, to Yp, scan lines Xj to Xm, supply

lines 421 to 4m, and the gates, sources, and drains of

the transistors 21 to 23. As shown in FIGS. 22 and 25,

contact holes 53 are formed in the planarization film

33 and protective insulating film 32 at portions where

the feed interconnections 90 and supply lines 2, to Zp

cross when viewed from the upper side. Conductive pads

58 are buried in the contact holes 53. The conductive

line 51 and feed interconnection 90 are sequentially

stacked on the conductive pad 58. Hence, as shown in

the circuit diagram of FIG. 21, the feed
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interconnection 90 is electrically connected to the

supply lines 21 to Zm through contact portions C2 and

also electrically connected to the drains 22d and 23d

of the transistors 22 and 23 of the pixel circuits Pi/1

to Pi,n through the supply line 44. The conductive pad

58 in the contact hole 53 is formed by electroplating.

Since the common interconnections 91 are also

formed by electroplating together with the feed

interconnections 90, they are much thicker than the

Signal lines Y,} to Yn, the scan lines X, to Xp, the

supply lines Z1 to 2m, and-the gates, sources, and

drains of the transistors 21 to 23. The common

interconnections 91 and feed interconnections is made

of copper, gold, or nickel, or a layered body thereof.

A liquid repellent insulating film 54 having water

repellency and/or oil repellency is formed on the

surface of each feed interconnection 90. The liquid

repellent insulating films 54 are made of a

fluoroplastic electrodeposition coating and formed by

electrodeposition coating.

A liquid repellent conductive film 55 having water

repellency and/or oil repellency is formed on the

surface of each common interconnection 91. The liquid

repellent conductive films 55 are formed by reducing

and eliminating hydrogen atoms (H) of one or two

mercapto groups (-SH: also called a thiol group) of
triazyl-trithiol expressed by chemical formula (1), and
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oxidizing and adsorbing sulfur atoms (S) in the

surfaces of the common interconnections 91 as a metal.

AV

SH

N Sy

NHS SH

In the liquid repellent conductive film 55,

triazyl-trithiol molecule units are formed very thin on
the surface of the common interconnection 91. For this

reason, the liquid repellent conductive film 55 has a

very low resistance in the direction of thickness and

rarely has insulating properties. To make the water

repellency and oil repellency more effective, a

triazinethiol derivative in which an alkyl fluoride

group substitute for one or two mercapto groups of

triazyl-trithiol may be used in place of

triazyl-trithiol. Such a triazyl compound can

selectively be coated and bonded to a metal like the

liquid repellent conductive film 55. More

specifically, an aqueous solution of

6-dimethylamino-1,3,5-triazine-2, and 4-dithiol-sodium

salt is prepared at a concentration of 1073 mol/L.

When the common interconnection 91 is dipped in the

aqueous solution at a liquid temperature of 26°C for a

dipping time of 30 min, the liquid repellent conductive

film 55 having a thickness of about 0.7 nm is formed on
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the surface of the common interconnection 91 (the

thickness is a measured value by ellipsometer).

Alternatively, an aqueous solution of

6~didodecylamino-1,3,5-triazine-2, and 4-dithiol-sodium

salt is prepared at a concentration of 1073 mol/L.

When the common interconnection 91 is dipped in the

aqueous solution at a liquid temperature of 46°Cfor a

dipping time of 30 min, the liquid repellent conductive

film 55 having a thickness of about 1.8 nm is formed on

the surface of the common interconnection 91 (the

thickness is a measured value by ellipsometer).

FIG. 26 is a view schematically showing the

coating structure of the liguid repellent conductive

film 55. Referring to FIG. 26, a substituent R is,

e.g., Adimethylamino or didodecylamino.

The organic EL layer 20b of the organic EL element

20 is formed on the pixel electrode 20a. The organic

EL layer 20b is a light-emitting layer of broad sense.

The organic EL layer 20b contains a light-emitting

material (phosphor) as an organic compound. The

organic EL layer 20b has a two-layer structure in which

a hole transport layer and a light-emitting layer of

narrow sense are formed sequentially from the pixel

electrode 20a. The hole transport layer is made of

PEDOT (polythiophene) as a conductive polymer and PSS

(polystyrene sulfonate) as a dopant. The

light-emitting layer of narrow sense is made of a
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polyfluorene-based light-emitting material. .

The organic EL layer 20b is formed by wet coating

(e.g., ink-jet method) after coating of the liquid

repellent insulating film 54 and liquid repellent

conductive film 55. In this case, an organic

compound-containing solution containing an organic

compound as the prospective organic EL layer 20b is

applied to the pixel electrode 20a. The liquid level

of the organic compound-containing solution is higher

than the top of the insulating line 52 and that of the

insulating line 57. The thick feed interconnection 90

and common interconnection 91 whose top is much higher

than those of the insulating line 52 and insulating

line 57 are provided between the pixel electrodes 20a

adjacent in the horizontal direction. The feed

interconnection 90 and common interconnection 91

prevent the organic compound-containing solution

applied to a pixel electrode 20a from leaking to the

pixel electrodes 20a adjacent in the horizontal

direction. In addition, the feed interconnection 90 is

coated with the liquid repellent insulating film 54

having the water repellency and/or oil repellency. The

common interconnection 91 is coated with the liquid

repellent conductive film 55 having water repellency

and/or oil repellency. ‘The liquid repellent insulating

film 54 and liquid repellent conductive film 55 repel

the organic compound-containing solution applied to the
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pixel electrode 20a. The organic compound-containing

solution applied to the pixel electrode 20a is never

deposited excessively thick near the edge of the

insulating line 52 as compared to the center of the

pixel electrode 20a. Hence, the organic EL layer 20b

formed by drying the organic compound-containing

solution can have a uniform thickness.

When the organic EL layers 20b are formed in the

above-described way, a stripe structure including a

region R where the organic EL layer 20b to emit red

light, a region G where the organic EL layer 20b to

emit green light, and a region B where the organic EL

layer 206 to emit blue light is formed, as shown in

FIG. 27. A plurality of pixels in the same column emit

light of the same color.

When viewed from the upper side, the applied

organic compound-containing solution is uniformly

distributed vertically in each column because its left

and right sides are partitioned by the feed

interconnection 90 or common interconnection 91.

Hence, the plurality of organic EL layers 20b arrayed

in the vertical direction have the same layer structure

and emit light of the same color. In the plurality of

organic EL layers 20b arrayed in line in the horizontal

direction, the light-emitting layers of narrow sense

are arrayed to sequentially repeat red light emission,

green light emission, and blue light emission. The
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hole transport layers of pixels that emit light of

different colors may use the same material. |
The organic EL layer 20b need not always have the

two-layer structure. A three-layer structure including

a hole transport layer, a light-emitting layer of

narrow sense, and an electron transport layer

sequentially from the pixel electrode 20a may be

employed. A single-layer structure including a

light-emitting layer of narrow sense may be used. A

layered structure having an electron or hole injection

layer inserted between appropriate layers in one of the

above layer structures may be employed. Any other

layered structures can also be used.

A counter electrode 20c functioning as the cathode

of the organic EL element 20 is formed on the organic

EL layer 20b. The counter electrode 20c is a common

electrode commonly formed for all pixels. The counter

electrode 20c formed on the entire surface covers the

common interconnection 91 while sandwiching the liquid

repellent conductive film 55 between them and the feed

interconnection 90 while sandwiching the liquid

repellent insulating film 54. For this reason, the

counter electrode 20c is electrically connected to the

common interconnection 91, as shown in the circuit

diagram of FIG. 21. To the contrary, the counter

electrode 20c is insulated from the feed

interconnection 90.

LG Display Co., Ltd.
Exhibit 1002

Page 083



LG Display Co., Ltd. 
Exhibit 1002 

Page 084

10

is

20

25

- 80 -

As shown in FIGS. 23 to 25, the counter electrode

20c is formed from a material having a. work function

lower than the pixel electrode 20a. The counter

electrode 20c is preferably made of, e.g., a single

substance selected from magnesium, calcium, lithium,

barium, indium, and a rare earth metal, or an alloy

containing at least one of these single substances.

The counter electrode 20c may have a layered structure

in which the layers of various kinds of materials

described above are stacked, or a layered structure in

which a metal layer hard to oxidize is deposited in

addition to the layers of various kinds of materials

described above to lower the sheet resistance. More

specifically, a layered structure including a highly

pure barium layer having a low work function and

provided on the interface side contacting the organic

EL layer 20b, and an aluminum layer provided to cover

the barium layer, or a layered structure including a

lithium layer on the lower side and an aluminum layer

on the upper side can be used. In a top emission

structure, the counter electrode 20c may be a

transparent electrode having the above-described thin

film with a low work function and a transparent

conductive film made of, e.g., ITO on the thin film.

A sealing insulating film 56 is formed on the

counter electrode 20c. The sealing insulating film 56

is an inorganic or organic film. provided to cover the
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entire counter electrode 20c to prevent its

degradation.

Conventionally, in an EL display panel having a

top emission structure, at least part of the counter

electrode 20c is formed as a transparent electrode made

of, e.g., a metal oxide having a sufficiently high

resistance value. The sheet resistance cannot be

sufficient low unless the material is sufficiently

thick. When the material is thick, the transmission of

the organic EL element inevitably decreases. The

larger the screen becomes, the harder a uniform

potential is obtained in a plane. Hence, the display

characteristic degrades. In this embodiment, however,

the plurality of common interconnections 91 with a low

resistance are provided of obtain a sufficient |

thickness in the vertical direction. Hence, the sheet

resistance value of the entire cathode electrodes of

the organic EL elements 20 can be decreased together

with the counter electrode 20c so that a sufficient

large current can be supplied uniformly ina plane. In

this structure, the common interconnections 91 reduces

the sheet resistance of the cathode electrode. For

-this reason, the transmittance can be increased by

forming the counter electrode 20c thin. In a top

emission structure, the pixel electrode 20a may be made

of a reflecting material.
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{EL Display Panel Driving Method]

The EL display panel 1 can be driven by the active

matrix method in the following way. As shown in

FIG. 28, an oscillation circuit outputs a clock signal

to the feed interconnections 90 and supply lines 21 to

2m. A scan-side driver sequentially outputs a shift

pulse of high level to the scan lines Xj; to Xp in this

order (the scan line X1 next to the scan line Xp),

thereby sequentially selecting the scan lines Xj to Xp.

While the scan-side driver is outputting the shift

pulse to one of the scan lines Xj, to Xm, the clock

signal from the oscillation circuit changes to low

level. When the scan-side driver.selects the scan

lines Xj to Xm, a data-side driver supplies a pull-out

current (current signal) as the write current to all

the signal lines Y1 to Ypn through the source-to-drain.

paths of the driving transistors 23. The counter

electrode 20c and feed interconnections 90 are held

at the predetermined common voltage Vcom (e€.g.,

ground = OV).

During the selection period of the scan line Xj,

the shift pulse is output to the scan line Xj of the

ith row so that the switch transistor 21 and holding

transistor 22 are turned on. In each selection period,

the potential on the data-side driver side is equal to

or lower than the clock signal output to the feed

interconnections 90 and supply lines Z1 to Z,. The low
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level of the clock Signal is set to be equal to or

lower than the common voltage Vcom. At this time, no

current flows from the organic EL elements 20 to the

signal lines Yy to Yy. As shown in FIG. 21, a write

current (pull-out current) having a current value

corresponding to the gray level is supplied from the

data-side driver to the signal lines Yj to Yy, as

indicated by an arrow A. In the pixel circuit Pi,je

the write current (pull-out current) to the signal line

Y; flows from the feed interconnection 90 and supply

line 4; through the source-to-drain path of the driving

transistor 23 and the source-to-drain path of the

switch transistor 21. The current value of the current

flowing through the source-to-drain path of the driving

transistor 23 is uniquely controlled by the data-side

driver. The data-side driver sets the current value of

the write current (pull-out current) in accordance with

an externally input gray level. While the write

current (pull-out current) is flowing, the voltage

between the gate 23g and source 23s of the driving

transistor 23 of each of the pixel circuits P4,j to

Pi,n Of the ith row is forcibly set in accordance with

the current value of the write current (pull-out

current) flowing to the signal lines Yj to Yn, i.e.,

the current value of the write current (pull-out

current) flowing between the drain 23d and source 23s

of the driving transistor 23 independently of the
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change over time in the Vg-Ids characteristic of the

driving transistor 23. Charges with a magnitude

corresponding to the level of this voltage are stored

in the capacitor 24 so that the current value of the

write current (pull-out current) is converted into the

voltage level between the gate 23g and source 23s of

the third transistor 23. In the subsequent Light

emission period, the scan line Xi changes to low level

so that the switch transistor 21 and holding transistor

22 are turned off. The charges on the side of the

electrode 24A of the capacitor 24 are confined by the

holding transistor 22 in the OFF state, and a floating

state is set. Hence, even when the voltage of the

source 23s of the transistor 23 is modulated at the

time of transition from the selection period to the

light emission period, the potential difference between

the gate 23g and source 23s of the transistor 23 is

Maintained. Of the selection period, during a period

in which no row is selected, i.e., the clock signal is

at high level, and the potential of the feed

interconnection 90 and supply line Z; is higher than

the potential Vcom of the counter electrode 20c of the

organic EL element 20 and the feed interconnection 90,

the driving current flows from the feed interconnection

90 and supply line 2; with a higher potential to the

organic EL element 20 through the source-to-drain path

of the driving transistor 23 in the direction of arrow
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B. Hence, the organic EL element emits light. The

current value of the driving current depends on the

voltage between the gate 23g and source 23s of the

driving transistor 23. For this reason, the current

value of the driving current during the light emission

period equals the current value of the write current

(pull-out current) during the selection period. Of the

selection period, during a period in which any row is

selected, i.e., the clock signal is at low level, the

potential of the feed interconnection 90 and supply

line 4; is equal to or lower than the potential Vcom of

the counter electrode 20c and feed interconnection 90.

Hence, no driving current flows to the organic EL

element 20, and no light emission occurs.

More specifically, during the selection period,

the switch transistor 21 forms a current path to flow

the write current (pull-out current) between the signal

line Y4 and the source 23s of the driving transistor

23. The holding transistor 22 forms a current path to

flow the write current (pull-out current) between the

feed interconnection 90 and the drain 23d of the

driving transistor 23.

During the light emission period, the switch

transistor 21 closes the current path not to flow the

driving current from the source 23s of the driving

transistor 23 to the signal line Yj. The holding

transistor 22 holds the voltage between the gate 23g
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and source 23s of the transistor 23 to make the current

value of the driving current constant. When the supply

line 2; and feed interconnection 90 change to high

level during the light emission period, the driving

transistor 23 supplies a current having a magnitude

corresponding to the gray level to the organic EL

element 20 to drive it in accordance with charges

stored between the gate 23g and source 23s during the

selection period.

[First Modification]

The present invention is not limited to the

above-described embodiments, and various changes and

modifications can be made without departing from the

spirit and scope of the present invention.

In the above embodiments, the first to third

transistors 21 to 23 have been explained as N-channel

field effect transistors. The transistors 21 to 23 may
be P-channel field effect transistors. In this case,

the relationship between the sources 21s, 22s, and 23s

of the transistors 21 to 23 and the drains 21d, 22d,

and 23d of the transistors 21 to 23 is reversed in the

circuit diagram shown in FIG. 2. For example, when the

driving transistor 23 is a P-channel field effect

transistor, the drain 23d of the driving transistor 23

is electrically connected to the pixel electrode 20a of

the organic EL element 20. The source 23s is

electrically connected to the supply line Zj.
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[Second Modification]

In the above-described embodiments, the three

transistors 21 to 23 are provided per pixel. The

present invention can be applied to any EL display

panel having a driving transistor whose source or drain

is connected to an organic EL element independently of

the number of transistors and whether the panel is

current-driven or voltage-driven.

[Third Modification]

When the transistors 21 to 23 are P-channel field

effect transistors, the relationship between the

sources 21s, 22s, and 23s of the transistors 21 to 23

and the drains 21d, 22d, and 23d of the transistors 21

to 23 is reversed in the circuit diagram shown in

FIG. 2, as described above. In addition, the high and

low levels of each signal are reversed.

[Fourth Modification]

In the above-described embodiments, the drain 22d

of each holding transistor 22 is connected to one of

the supply lines 21] to Zp. However, the present

invention is not limited to this. The drain 22d of the

holding transistor 22 of each of the pixel circuits

Pi,ir Pi,2+ Pi,3, +--+ Pi,n may be connected to the

scan line Xj.

[Fifth Modification]

In the above-described embodiments, the write feed

voltage VL serving as the write current and the driving
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feed voltage VH serving as the driving current are

supplied from both of the interconnection terminals 90b

and 90c to each feed interconnection 90 to decrease the

voltage drop in the feed interconnection 90. If the

design tolerates a large voltage drop, the voltages may

be supplied from only one of the interconnection

terminals 90b and 90c.

{Sixth Modification]

In the above-described embodiments, the first to

third transistors 21 to 23 are amorphous silicon

transistors. However, the transistors may be made of

polysilicon, or any other semiconductor.

[Seventh Modification]

In the second embodiment, the liquid repellent

insulating fiim 54 is formed on the surface of each

feed interconnection 90. However, the present

invention is not limited to this. Instead of providing

the liquid repellent insulating film 54, the liquid

repellent conductive film 55 may be formed not only on

each common interconnection 91 but also on the surface

of each feed interconnection 90. At least one layer of

the organic EL layer 20b is formed by using the common

interconnection 91 and feed interconnection 90 as

liquid repellent partition walls. Then, the counter

electrode 20c is formed on the surfaces of the organic

EL layers 20b and common interconnections 91 except the

surfaces of the feed interconnections 90.
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A plurality of modifications described above may

be combined if a consistency can be ensured.
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WHAT IS CLAIMED IS:

1. A transistor array substrate comprising:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the

driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of said plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of said plurality

of driving transistors and arrayed to cross said

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and-

a plurality of feed interconnections which are

formed on said plurality of supply lines along said

plurality of supply lines, respectively.

2. A substrate according to claim 1, further

comprising a plurality of scan lines which are

patterned together with the sources and drains of said

plurality of driving transistors and arrayed to cross

said plurality of supply lines via the gate insulating
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3. A substrate according to claim 2, which

further comprises a plurality of switch transistors

which are arrayed in a matrix on the substrate, each of

the switch transistors having the gate insulating film

inserted between a gate and a source and drain, and

in which one of the source and drain of each of

said plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of said plurality of driving

transistors,

the gate of each of said plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and |

said other of the source and drain of each of said

plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film:

4, A substrate according to claim 2, which

further comprises a plurality of holding transistors

which are arrayed in a matrix on the substrate, each of

the holding transistors having the gate insulating film

inserted between a gate and a source and drain, and

in which one of the source and drain of each of

said plurality of holding transistors is electrically

connected to the gate of a corresponding one of said
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plurality of driving transistors through a contact hole

formed in the gate insulating film,

the other of the source and drain of each of said

plurality of holding transistors is electrically

connected to one of the supply line and the scan line,

and

the gate of each of said plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film.

5. A substrate according to claim 1, further

comprising a plurality of light-emitting elements each

of which is connected to one of the source and drain of

the driving transistor.

6. A substrate according to claim 1, further

comprising a data driver which supplies a write current

between the gate and source of the driving transistor

through the supply line.

7. A substrate according to claim 1, further

comprising a select driver which selects the scan line

and turns on the switch transistor.

8. A substrate according to claim 1, further

comprising a feed driver which is connected to the feed

interconnection to apply a write feed voltage to supply

a write current to the driving transistor through the

feed interconnection in a selection period and apply a

driving feed voltage to supply a driving current toa
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light-emitting element through the driving transistor

in a light emission period in accordance with a voltage

which is held between the gate and source of the

driving transistor in the selection period.

9. A substrate according to claim 1, wherein

the feed interconnection has a thickness of 1.31

to 6.00 um.

10. A substrate according to claim 1, wherein the

feed interconnection has a width of 7.45 to 4.4.00 um.

11. A substrate according to claim 1, wherein

a resistivity of the feed interconnection is 2.1

to 9.6 uQcm.

12. A substrate according to claim 1, which

further comprising a plurality of light-emitting

elements each of which has a pixel electrode, an EL

layer, and a counter electrode and is electrically

connected to the driving transistor, and

in which the feed interconnections are formed by

patterning a material film different from a material

film as a prospective pixel electrode and a material

film serving as a prospective counter electrode and is

thicker than the gate of the driving transistor and the

source and drain of the driving transistor.

13. A display panel comprising:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the
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driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of said plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of said plurality

of driving transistors and arrayed to cross said

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

connected to said plurality of supply lines along said

plurality of supply lines;

a plurality of pixel electrodes each of which is

electrically connected to the other of the source and

the drain of each of said plurality of driving

transistors;

a plurality of light-emitting layers which are

formed on said plurality of pixel electrodes,
respectively; and

a counter electrode which covers said plurality of

light-emitting layers.

14. A panel according to claim 13, further
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comprising a plurality of scan lines which are

patterned together with the sources and drains of said

plurality of driving transistors and arrayed to cross

said plurality of supply lines via the gate insulating

film.

15. A panel according to claim 14, which further

comprises a plurality of switch transistors which are

arrayed in a matrix on the substrate, each of the

switch transistors having the gate insulating film

inserted between a gate, and a source and drain, and
in which one of the source and drain of each of

said plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of said plurality of driving

transistors,

the gate of each of said plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and

said other of the source and drain of each of said

plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film.

16. A panel according to claim 14, which further

comprises a plurality of holding transistors which are

arrayed in a matrix on the substrate, each of the

holding transistors having the gate insulating film
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inserted between a gate, and a source and drain, and

in which one of the source and drain of each of

said plurality of holding transistors is electrically

connected to the gate of a corresponding one of said

plurality of driving transistors through a contact hole

formed in the gate insulating filn,

the other of the source and drain of each of said

plurality of holding transistors is electrically

.connected to one of the supply line and the scan line,

and

the gate of each of said plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film.

17. A panel according to claim 13, wherein the

feed interconnections are formed by patterning a

material film different from a material film serving as

a prospective pixel electrode and a material film

serving as a prospective counter electrode and is

thicker than the gate of the driving transistor and the

source and drain of the driving transistor.

18. A display panel manufacturing method

comprising:

patterning a plurality of pixel electrodes on a

panel to be arrayed in a matrix;

forming an interconnection made of a metal between

the pixel electrodes;
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coating a surface of the interconnection with a

liquid repellent conductive layer; and

| forming an organic compound layer by applying an
organic compound-containing solution to the electrode.

19. A method according to claim 18, wherein after

the organic compound layer is formed, a counter

electrode is formed to cover the organic compound layer

and the interconnection.

20. A method according to claim 18, wherein the

organic compound layer is an organic EL layer.

21. A method according to claim 18, wherein the

interconnection is electrically connected to the

organic compound layer.

22. A method according to claim 18, further

comprising providing a transistor electrically

connected to the organic compound layer.

23. A method according to claim 22, wherein the

interconnection has a feed interconnection connected to

the transistor.

24. A method according to claim 18, wherein a

surface of the pixel electrode is a metal oxide.

25. A method according to claim 18, wherein the

liquid repellent conductive layer contains a triazine

compound.
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ABSTRACT OF THE DISCLOSURE

A transistor array substrate includes a plurality

of driving transistors which are arrayed in a matrix on

a substrate. The driving transistor has a gate, a

source, a drain, and a gate insulating film inserted

between the gate, and the source and drain. A

plurality of signal lines are patterned together with

the gates of the driving transistors and arrayed to run

in a predetermined direction on the substrate. A

plurality of supply lines are patterned together with

the sources and drains of the driving transistors and

arrayed to cross the signal lines via the gate

insulating film. The supply line is electrically

connected to one of the source and the drain of the

driving transistor. A plurality of feed

interconnections are formed on the supply lines along

the supply lines, respectively.
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#NREnNBReTWS, ER, feBR Y1 ~~VYnt HiRACHIO 1, O91, - ZEA ICACTIS
MeWAsS

(0029)
BM3~M4tcmpgijic, MRAP 1.1~Pa rO4 SERBOMREMP:.(KBRL

7ZGS. PRR L CC. feSRY | CSERACRR OO 1 COM CHOC, ERM: &RZ
tOMicik, CNStLoCHRenkeVARAEK SNM, (OPVRRA CAR
EL#¥}2 0D MXEH2 0 atMHsnetws, fot, ELFLTAVPUANAVIE
‘Ke FRR LCBA.L BRORBB2 OavbhUZ ARICA ENTWS. BH.
HEM2 0 ald, PE LCSERM ICER ERRIRICEU ONT So

{003 0]
MALT. ALY FRY VAY 2 1LAMEBRBY CBIL GAB SN, TOA

YFRIYVAY 21 ASHRBB2 OO aDORMICBRoTWS

(0031)
Ee. MLC. RR OV VAY 2 OPHRMX CHIE DIRE SH, TOR

BhIY VAY 2 2PHBBK2 0 aDRRBILBRoTWSe

[0032]
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72, SPRL CT. BRB OY VAY 2 3PHKMACMO LICBRAILIDABESNTWS

(0033)
Eee, MLC. Fv ND 2 4 tSeBCRR OO 1. ERR Zi RUESRYICI E

DICHBR 2 0 a DHMBIC BOTW 4S

(0034)
BRB. ELFAZAFVANANM ISAS FERAL CBRP1,.1~PanMDA4 VF

FYVAF QIBWIIBET SL, BEOAA YF RFYV VAY, 2 1 DRM 2 LITV
hUZ AACA S 1, MAL CM KERB P1,1~Po nORIYVAY 2 2K
BAFAL. BROGMGhIYV VAS 2 2 DSH2 LICV RUF ARIE SN,
With LCMHEEBP1.1~PanO Fv VAY 23 RUKBATZL, BHO)
GUVAR 2 3 PRM 2 LIV RUD ARIES NTS

(003 5]
[ELFAADVVUA NAV OB BE)
ELFAATFVUANAN 1 OBE COW CHIT S. EFL hFYVAY2Z1~2 3

ORB ICOW CHS ~MS eACHATS. COC, M5lk, M3 ICR SNKV—-VR

Ilo TMRER OR SAMI UOML KARRHMCH 0. M6lt, M3ICRESNKVI
VIR ID> CREM 2OR SAMIOR LEAHCH OL M7 ld, M3 IRS
WZ7ZVII—VITRRIC I > CREEK 2OB SHMUEL RAMCH 0. MBit, w

3SICMSNZEVILI-VIITICI> CMRBR 2D SAMILEKCHS,

®ié,. M5S~R7 Clt, BHREBP:, ; OROMRABP:, j-1b—-MRSENTWS,
(003 6)

BOS5tCmeF ERI, AAV FRIFYV VAY 21d, RR2 ELICBRMANKT—Fb 2

lgt, F-R21 gg EKRRMSENKT— b MBS 1 LL rR BRR 1 EHRACT
—h21 gicaleA 2 lok, PEAR 2 1 cc OPRBELICBRMENKF VA
VRB 2 l pt, SRR 2 1 OMMBLICBWVCHVICHMTSZIEGBMah, F
v RIVER2 1 pIMBOAMDERAR2 la, 21bet, AMwWEHAR 2
lakit#manzxz Fria v21ide&, AweAR 2 LbDEKBMSeNKY—-A2 1

st, POTHMSANTWA,. BBY FLAY 21a RUY—-A2 1 s ltCH OT
bERVWL. CBUEORBHIE CH oTORV

(0037]}
BAS IZARTF EAL RRR IY VAY 2 2d, HRB 2 LIBRENKT—-b22¢e

tt, F-h22g EIBMENKT— b MRR 3 14, Tb RRR 1 eERA TTR Fb
22 gicati U7EAR 2 2c k. FAR 2 2 cCOPRBLICMMENKF VAM
eR 2 2p kc, PRR 2 2  OMMMBLICBWCTHVICBATAZALIBMAN, FR
Vik2 2 pic -MEBRoOKAMMEBAMR2 2a, 22b4, AMMEBAR2 2a
EIRENE PLAY 2Z22 de, PRMPAR2 2bEKBRMEeNEY—-A22s8e

, POMMSENTWIA, EBL FUTY2Z2d4RUY—-A22 sti—-BihiE CH OTOH
L. DBLELOMSRIECH TERY

[0038]
BO5tCmRT EG, Ph FY VAY 2 3d, PREM A2LIKBRMENKT—-bh23 eg

&, F-h23 gECBMSENAT— b MRR 3B 1 EL Ob RRR 3 1 EHRA TT—
23 gicLAMAR 2 Bcc, PHAR 2 3 OPRBLICBMENKF Vv AWE

MWR 2 3p ck. 22 3c OMBLICBV CHV ICR TSZLIABKMAN, FA
Wi23 pK REL ORTMMWEBAR2 3a, 230k, HMwW+BeAR]? 3b
hicemsne FET Y23 dc. FMpMPBAR2 ZSakiihmenkvy—-A23 sk
. POoRMmsntws.. FMRLABA, Mb Fv VAY 230NYV-A23 sPAFK
TERIFoONTWATET, GB) SY VARI 23OF VANIBAE CROCS. EB,
hFYVYAVF21~239MO8FVAY21d~23dRUY-A21s8s~23 slsmewt

BB e NY -aAVALCTHBRMENTWAS
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(0039)
RUZ, FR NYH 24 OBEOW CHATS. M5. M8imRTLiK, Fv IY

FQ2AL. ARB 2 LICBMSNA PBS RM24AL, FR RRM24A LBM SNK
Ae — bh HARRI 3 1 EL Om RRR 3 1 ERA CELEB BRM24 AKL KBR24Be
. POoORBMSENTW4S.

(0040)
RIC, KFIYVAF2Z1~23RVENNYIYLZADSEBLIESRMY1~ Yn, ERMX

1~XnROUERRZ1~ Zot ORMRICOM CHS ~M1 1 eae CHT Ss. B9O~R 1
likh GY YA 21~2 34S ORMOFHNCHS.

{004 1]
M5~M8. M9CARTLIK,. BROBPi,1~Pa rDaAtvFb7FrvAy21ODO

Y-bh21 gg. RRR IY VAY 2Z22ON7—-}+22¢. PK IVVAIY2307—-}f 2
3g RMORVNYVI LAD FB BHB2 4A AMUICESRY1~ Ynld, MRE 2 LIXK
—MicKkKRankhCBBHERE It hUV AF 7I4 KH TV F VTE LOTNI—
aYALKBDNCHSA. WCE, AA VF RIYVAV2ZIDF—-b21 8, RHE
YYUAF220O7—-h 22 ¢., Mb IVVAF 2307-123 gROFVNVI2Z24
DBRM2 4 AGOSRYI~YriOmteereBeeRe7r—-—bhve?AVv—-eEWj. Cot
. M9, FH RVAVHRENI-HAYV IFLR KEO-FAM ERT.

[004 2)
M5~M8itmF ijt, F— |b RB 3 lit, WBE Pi.1~PanrDAtvF hs

YUVA 21, RFR IY VAY Q2GRIY VAY 238M NY GY 244E2TICHK

ALMCH OL BAKARRRRSANTWIS, flo CT, TFbMS 11, AT
YFRIYVYAVY2Z1OF—-b21 ee, RHR IYLVAY2Z2907—-b22 ge, RLF
VYYURIF23D0D7—b23 gRUAVNYIL2ZADBRM2 4 ABIESRY I~Yn 2
FEL TWA,

[004 3]
BM5~HM8. M1lOmRT EI, MROAMP11~ParDAF VF RIYVYAV2Z1

DEVAYZ1d+V—-KAQ21 8, HHRIVVAFV2ZA2DFVAY2Z2d-V-A2Q2

s, BRK IY VAY 2Z30ODRFVAY238d-V-A23 8sRUFVNYVI 24 OBZ
4 Bik OVC ERR X1~Xu ROUER BM Z1~Zold, T— | RRR 1 EINICR
Ene CBEHRAE Tt hUV FASTA HH: LV FYFE LeCNg-aY TLR
NCHS, WFC ALVFRIVVAVAZIDEVAYVZ IL d-VYV-A215, &
HROV VAY 2ZA2DEVAY2Z22d-VY-A225,. PHbIvVAFY2Z3OFVUAY
23d -V-A23 sBRUANVNVI2ZADEMI24 BEVICERMX1~Xo KRVERM
Zix~ZnoDUt RSBEMRE FLAY LAV—-EWI.

{004 4)
TOG, MlOM, FURY UAV H-ENY-AYVIALKERKEBOVEMERT. CLT

BL lit, SP HKRYVALKEFH RAV HIN HK RAY FLEFUAY UAV -€E

AMKEOFAMeRT o

{004 5]
B3. M7. M9, BML ORT EGIL BRM XL Ob RR 1 ISH

RaIavyApR-VIQERLTAA YF RIVVAV2Z2IOF—b21 gRURLF
YVYAVY22ON7—522 gicwiBl, SEsRMY ili. 7— bMS Liem senrea
YVIARR-VIAEALTAA VY FRIVVYAV2ZIMOY—-A21 5 (cL. RR
GFYVAF2Z2A2DY—-A22 slid, T— bm. LIBR SeNZAY IA hR-NYO 3B

eS UCHRhI VY VAY 2307-1523 gitMeLTwS,
{004 6)

BS~MSICMT EFL AA VF RIVVAYQZ1, RR FY VAY 22RUERH
KFVYVAY 2 3UUICEAR X11 ~Xa RORBMZ1~Zotk, S7e-MICRBR SNE
eI3 2IC ko CRHBSNTWIA, ESB. MICS, AMT SDS, RBM 3 2 ik
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. EBM Z1~Zo LB A*BM CHMRKICTHSENTWS
(0047)

(RaRR 3 2 ICISSAAE(EP 3 SDB SZNTHI, AAV FRIYVVAVI1, HH
LFV VAVY ZAERO IY VAY 2 3OCEAR XI ~Xn ROUTERMZ1~Zale
ESM LDIEA 3 Bick o> CRIBS NTW SA, DED, FILE 3 30RDwt
RoWS,(LB 3 Bik, BURST MESR RPK OOCHS, EB. MMi, BATS
Ds, TEIA{EFA 3 3k, PREM3 2eIZ1~Zo KBARCHERICD
bras weTVSo

(004 8)
MB. CDELFAAPVAKANVIERBADSiv VY aYHEL CAV ABE, T%&

bh, GREW 2 SHRM LE LUCA ABE. 7T—}RRB3 1, RBM 2K
USE TH( CAR 3 3 ittEAMBE SD

(0049)
heAPRA 3 2 MUSE TEER 3 3 clk, PERHR Zi ~Za lliho CKFAMICMEET AR

REROIH3 4 (MS ICRA) DHERSHEZ1~ZalKC TNEUNESZALIVMSH, KE
ARI 3 2 MOUSFIN(EIR 3 SILERAICST SHI 4. 84K OTKFAMICEE
SARK EL CHM SN CWSA, #3 4 CUBA ODBTNSHNMHHOSONTEY,
B34 ACB CHSACRO O DHZ1~Zo IC BAND KBRI ZL IGIENtNAS
SHTWA, PHRAHI Olt, AV FEC LYBMENKLOCHAOT, (BSRY1~
Vu, ERX~Xn ROBB Z1~Zak OI RIV VY AY2Z1~2307—}| BR?
YA, FEA YVRRMLOOATKEY, BAMHI, AACR ODE Slik, Rie
FR 3 2 HFIB(L 3 SDB SOMA CILITFS LY. MRAM OL, BBLS day 7D
Milt lib OIED 5 RDS

(0050)
MARA2 PO TAIBILIR 3 3 ECORMBBIEE IOVAY TUT BMSOOEVWI. &

DhIYVAY TVA BMS OM BWCl, FMBLT. Atv FSF RFY VAY 21,

FER FY VA 2Z2EROCRMhIYVAF2ZA3RBVRVAFARICAIANTWHISS
(0051)

Ril RIV VAVT U4ODOKRMICRBENKSBBEICOVCHIAT 4S. DF
YYAXYTUABR5S OORML. BIS. FHLB 3 SORMEICI, BROWBE 2
OaMvbhUZ ARIAS NTTWS. EX. IER 3 3 RUERRIR 3 2 Cid,
BOIYIAbR-VOI SPMBERM2 OaAROFVNVI2ZAOBBI24B0O-BICK
BZALABMAEN, CNSAYVIAhKR-NO 5 IHRE y FRO SONTWA, FED
CC. HREM O ald, FIR 3 3AURBMRIR 3 2IBKMENKAYITAhR-DN
QO5EPRLTEV ND Y 2ZADBM24B,. ATV FRAYVAVZIDEVAY2Z14d

BRURMhKIYV VAY 230YV—-A23 sttOBALTWS, SB. AVIA bHR-NIS
ADHMBMNy Fld, AV FRICEYOBMENKLDNCHS.

(0052)
HH#EM2 Oalt. SGRELEFZ007/Y—FKFELTCTHHETAZEBMCHSZ, Blt. A

HBBM2 0 aMeRMe <<. EMITS ARE LIB 2 O DNIEFLEWMERE CEA
tZLO*EE LV, ¥H*H. HHBM2 Oald, READ vv a VBEOBS. WHI
Det CBEtAL CWA. MHBR20at LT, MAI. BR-TRkAy yy
A (ITO) . BS RF-PRIkA VV OA, Biba vy YO (1 n203) . BEA (S
nOo) . Bess (ZnO) RISA FE VA-BBILEM (CTO) EERMTELKBAO
Tid D*} 6

[0053]
BB. CDELFAAPVUANANMIL Eb VY APES vVavHeLCAMseawe, te

bh, MRER2ORMEERRH EC UCAYS4ZB4Silld, BRB 2 Oa CHILE 3
3LOMK,. BRBHRAOURIRHEOBV RAR tMRT SERV

(0054)
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Cnd> WMHBRM2 Oald, FILER 3 3 LINK-BIRMRSNKBBHE (FRAT
Sy Vavoiee, SHS) t+ 7a bUVAAIIA-K- LyFVY TEI LOTT’

0Beebo tome es EAH) WHEE 2 0 aDMMoPBiH O O LICBEBO Oo CHEECH OC BANIRR LO ABB ITY 5 1Deo OND—HBRIDANFY-AYAFENTWIAM, BRHEIIY5 lit, BRM O
aMweRABEHEBet rvs V7GF4ZCEKRLoCHREM20atb eb sier%y—-=ay
FENEAIONCHSo. FHRBHIVY 5 1 OMFHOGBARI ODHEL OEY ROB
BAO OPEB LEVLIICRBRRO OC TNOENRMEL,. MBAIOBRET
AYA LOLYF VY EER ORBL TY So.

[0055]
IONS MBZEMB2 OADM, BBtv VU IV SRoORSZA YY aKMig 2 DSS

F—-AYASEHTTW4S, BRM ICIL, MARRS 21, BBD TY OL MBM SNEWS
FIBERS TY OLB LAAAMICRELL CUCBMT ZEA LOF HE
BL UCHAMICREEES SRTRKICBRMENTWA, KEAMICKH ODA HMREH2 Oa
. 20 ai DGGE 5 2DEicis, WAM Ho CHIME LDSSTNENBB CNTY
Ao

[0056]
FEHACHR 9 1 IS, Ay REC LVERMSNLIOTHZOT, (BSR Y1~Yn, ARR

Xi~ Xaok ORBwR Z 1~ ZatEOIRIVYVAY2Z1~230O7—) BRBPvVv—-AL FV
AVEMmEO>teicey, SACRO LIL PS aD AL BB. AV 7TNVDNIAbEOY
BC ESWFRHeEfe

[0057]
JES ACREO 1 ORMICid, HOKE - BAM TAL KBREBER 5 ODMR SNTWS

> EEFE 5 5 lk. ROE (1) KREANKEUTYWUEUFA-WOFA-W
% (-SH) OKBRS (H) ADIRICRERL. HERR (S) DIAC 1 ORM ICM
ALR L RE EDCHS.W

{(0058]
(4E£1]

SH

A
HS Zk,

[0059]
HEWES SIR RU PDR UV FAVSTOE1 ORME L <

APESF—BP SSRCHS 5, BWMBRS 5 OIEICRCH CHES
BtS, BRB. BOE - HAE SHAS TAR OIChUVUPYUMbEUFA-WIRAT,. Fb
YPYUUAEYFA-WOI RI 2D0FA-— WHEAT YEP WF VEICBRENKEOTS

EV».

[0060]
HHBM2 Oa kittth, GERELET2 OMFARELE2 ObDAKBSENTYS. AE

ELS2 0 bldcHOBHWSCH),. SRELB20 dK. BRILAWCHSD BIH
(Qt) BSAHSENTTW A, AHRELSB2 Obit, MHBM2 0 av SIREFMB
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. RROBWICS OWA Le CIB BIECHS. TELESIS, BRATCHSSPE
DOT (RUFAFzY) BUF-NYECHSPSS (CRY AFLYANMAYRE) M5
20, RROBHSB, RV IVAVLYAREKMHHP SLA}!

(0061)
ARELB2 Obit, BRMBER5 5 O5I-FAYTFRCERKEABE (PIZIZ, Tv

UV n7 bik) KkoTMRENS, COMA, MRBM2 0 alk ARELB20be%
ARBILEWESATZARILAWERMt BHT OD, COBBLEWEAROMls
. WIRES 2OPIEM LO LEY. KAA YO a7Bh 2 O a IC SATADSR
JR 5 2OPBR LO +ORYSROKRIARI LORI ONTSb, WRB O
aK BASNKABILEWESAROAKEA ICR OSS RBZ Oa lene LAS
VWEDICHES ILM TWA, Er, HAC O 1 CISOK- BUHOREBBE 5 5 DS
A-FAYVAFERNTWH4APH, HHEM2 0 all BHSnrAPtewaerAReiit cco
C. BREM2 0 alBH SNKARILAWEAROMREH 2 OaDPRicn L Titi
SAYS 2OMBTTCHIE HRM ENE< EAD, ARILEWEARPERELT
2 ARRELB20b*tH-4RECKRTZCEMCAS,
COKER IO 1, OLMCARELB20bde mT SZCLickot. B12

CARTED. RECBHT SARE LIB 2 ObDMRBSNKBMR, MEKBHIT SA
MELB2 0 b2RISNEAIRG. PHILTAZARELB2 ObDARBSANA AM
BACOMICAL RAR SA THICK UL, AFVIORMRO HSLAB ICBITS

(0062)
AA LRBE. BH SNRARILAEWEaARIL, KEAAMOREHM se THU

MOL, QLOWFRPIEAWONTVALRMOERAM ICRIRIC DAT ADT,
EHHMIANCRROBRE LIB2 OdDIMMNdS AUC SBECH). MU EIKBH
$4, 2B, BHEM2 0 aRUARE LB 2 0 buUBBAM KB > CHKIERRCE<
COB. KEAMICER CH otTHA LY,

(0063)
eB, #RELB2 0 bit, SRO, BHBR2 0 a PSMA IEFLEMIRIS. RR

ZOBWIS. BMS LCRA[BBECHOCOBYL, BRROBHED OLS -BE
JHECHOCOBWL, CHOOBBEI BY CHUSMI BPRMVILEFLOEABASH
FEL AUB HIE CHOCO BW L. FOMOPMSHIECH >TO BV,

[0064]
ARELB20b kikttt, GRELET20904YV—KELCTRHET SU MBR2 Oc

DRMRSNCWA, ME BM2 Ocli, STOHRICKIML CHRENHKKBEETS
REMISR NTS. WME OcOXK-MICMRRENAZCE CC, HABE
20 c SHERABEIR DD 5 ETRA CHIRAC OO 1 ERBL TSA. FORO, M200K
BAISART EAI, KBAR 2 OO c LLAEHACARO LIC LU CLOTS

{0065}
MBM2 Oc, MREM2 Oak dd HSBROROMACHKMENTHY), Hz

IB VTAY DAL AMY IAL VFIUAL NY IAL AY YUL, GERBER OLY SES
LoftSOWARNILSSCBRENTWAZALEMRPELY, EK, WMBM20c i
. LISBHROB AB SNEMBBELC OTM COEBWL, DEDSBMEOIc
pz CY — RHREL SRK FAR MICRIES Nie KOSRIBOSE EL 7c RS RIEL OT

THB. BMI, BRELB2 Ob LHETAZRMM ICRU ONCESRROBM
FEDANY DABL, NU DABERETZLEGRUONKT VA AVAL OMDB
2 PFRIKCUF UAB, ELBIT VI AUD ABPHV ONKMSBBEPEITONA, Ek
ky PLivvavVieOBS. HABM2OceELMOLILEASMRKOBRL EO
LK IL TOSOEWSBSRtie LE BRBEREL TO LY,

{006 6]
ATTA] BARK 2 Oc LIC, HIEMRIS ODMR SENTWH 4S, HILGRE 5 6 latBk

20 ceRtEREL. MABE 2 0c OBETMIEFSROONTOS BRRid
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BRIECHS},

(0067)
BB, HER. ky PRS vy VY avVBeOELT1ATUA NAW IAL OBR 2 Oc

ORC LO—-RESRBILWOL 5 ICEDEVBABMe AMSEC RSM, CS
NkABRMBI+SICE LRWHIFY — PATTI RORBVOC, BSC FTSS
tk kotWR BRE LHFOBIASSPRAoOTLEW, AWM RZIECHN CH
~—OBMIAR OID < < RRHEDMEK Ho TL ESOT.

LOLEAS, Ee HEH MICtSeIE ER O72OCTBAOHA91, 91, BIFTWAOTC, WMBM2 Oc CGdHDeCHRELEBF20, 20, *DDO KRMRIO DS . LAHIRI TRACOMCH EAEHe HT OLHem HeELRS, SOK COLARMBIECIL, HHAI1, 91,BAY FBRMEL
TCOV— bEPITTA, MMBRM2 Oc CMRI LCBBS et MELLEYNTS
LEPFECHA, EBhVAPDivva VBE, HBBRM2 Oat RHeoMHe
LTB Ev,

{006 8]
(hIVVRAIPTUARMROVEL ST1 APVANANVORIEHE)

hIVVAFYTVUABMSOORVELTAATFUANANVL OMBARCOWCRMBT

Ao

[0069]
CVD, PVD, ANY FU YA EWoORAMER IC LotC7-—hVAV— ©re

HE Q LINCRT A RIL EOF bh UAV HILT I ARV VY FIT
& - iLvyF YES IBches Ce ik OT, SBKEP P1.1~PanrP7—Fh 2 1 gy er
—h22¢. F-423 gsRUBM2 4 AWOKESRYI~ Yn NY -aYVAFTSZ,

[0070]
Rit, QVRERC Lote |} RRR 3 LENeMCT4. RK, SHR

Pi,i~Pan rDIvy¥F7bR-WO2~94R7ARY VA IIA-E+- LVFVITERS
(Ck YW — } PRR 3 1 CMTS

foo71}
Ric, QRRE- 7AbhUvAr7A-K- Dy FV AFAEVICMIE CLK Lots

Bl & [lé Pi, 1~Po, nO 73aRR 2 1c, 22C, 23 cRPNF-AVITAZS RI, mM
AAR- Fahy vAo7A-KR- DV FVTRSMHT Cec LoCSABSERP
1,1~Pa,r.OFvAUVERMBR2 lp, 22p, 23 peNY-aAYVATSZ, Kir, RAM
BeE-D7ahUVAIIA-H- Sv FV FESTCe CLO CAMAP11
~ Po n ORMEBA 2 la, 22a, 23 aRUAFAWEBAR2 1b, 22b,
23 be NFY-=YVITSZ,

{0072]
Ric, RABI Eo tT KAY UAV—-*7— RBS LEAR

So. CRKEY, SMHBOBP1.1~ParDtvy7bhR-NW9O2~94t2lE, FUAY
Viv—-D-BAOHES.

(0073)
RID, EDFA YL AVAIL OFA RU VAI 7A HK: ZV FV FETCH

trekot, SHBZEORP1.1~ParnMkFvAv2id, 22d, 23d. ¥-A2

ls, 22s, 23s RUSMH2 4 BIE UIC ERR XK ~ Xa MORE Z1~ Zn EIN 9 —
=YAFtGS!.Q

[0074]
Rit, RARE LotRBMRR3 2eENKR—-MICKRRTS. Ki. RBM3
SCRICBAR BAL, SOBMARS MRSA EC, FI(LR3 340k -WIRERS

Do

[0075]
Ric. SHBMBRP1.1.~ParDIvI7bhR-NO 5 ERBRMREB 3 2 ROFL
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eA oe

3 31ICFERIAZLE BIC, FRB BRIR 3 2 ROFL 3 3B OREM Z1~2aBS
MIB IBV: CHEB 4 ETNENEMTS,

[007 6]

KS. CeeHRZ 1 ~ Zo ROE 2 3 BICMESEIMIL TA 7 AEA KC Ie boc,
334 (CHBARRO OME SHALE DIC,2eeewenn
EBS&t4, CNL, HI4ANKCSan CHOACA O OO DFR SN,IVIFT7hKAR-WOI OSAKBY CHR. ZBI EM»RATER SNS.

[0077]
DEK Eo Th IY VAY PUA EMS ODERTS].

[0078]
Ric, SRR IC hoCBEhO VY VAY TU ABKS OOKRAXNK-H

CRESTS. KI, FCOBWBEEB CMH LCTAbhV VAI IA -K: LV FV TES
Wiichas ck ic kot, SMXHEBP1,1~Ps ACOHMKEM2 0OaKkUBBHIIY 5 1
®RINI—=VITFSA!,Q

(oo079)

oy, RAMBLER IE SO CREARIR © 72THBES0 RIS ACEJTC)9ZEM2 0aDHCHr CEOMMBO LICKMARIO Le Xo FRI LoTMRS CS

(008 0}
Rie, RHAAIChU KTVU RUFF -NVBREBHATS CEI Lot. MVls, CO

RAWMERYPTYUMEUVFA-VBRKCRBTSZ CLIC hot, HRI 1 ORM ICN
L CBIR AY CPEB 5 OO EMITS. RB PUT YUEVFA-VOVBICEY
. FIBERS 1 ORMESEE ODBMSANAD, MRRBORMKILERES
BARDSMK SA ZeVs,

{[0081] .
RIL, MRALCD th UV AGT AMHR: DV FY TERERAI CEC, EOD
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UNITED States PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark OfGce
Address: COMMISSIONER FOR PATENTSB.O. Box 1450

Alexandria, Viggoita 22313-1450Wweusplo.gov

APPLICATION NUMBER FILING OR 37] (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

 
11/232,368 09/21/2005 Satoru Shimoda 05621/LH

CONFIRMATION NO. 7953

01933 , FORMALITIES
FRISHAUF, HOLTZ, GOODMAN& CHICK, PC LETTER
220 STH AVE FL 16

NEW YORK,NY 10001-7708

Date Mailed: 10/14/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application numberandfiling date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

e The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 7.63, .
identifying the application by the above Application NumberandFiling Date,is required.
Note:If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signedbyall available joint inventors, or if no inventoris available by a party with sufficient proprietary
interest, is required. -

The applicant needsto satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge(for late submission offiling fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
identified in this letter.

SUMMARYOF FEES DUE: 

Total additional fee(s) required for this application is $130 for a Large Entity

e $130 Surcharge.

Replies should be mailed to:+Mail Stop Missing Parts
, Commissioner for Patents
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTSWU), Dox
Alexandria, Viggotia 22313-1450wewusplo.guv

APPLICATION NUMBER FILING OR371 (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

11/232,368 09/21/2005 Satoru Shimoda 05621/LH

CONFIRMATION NO.7953

01933 FORMALITIES
FRISHAUF, HOLTZ, GOODMAN & CHICK, PC LETTER
220 STH AVE FL 16

NEW YORK, NY 10001-7708

Date Mailed: 10/14/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application numberandfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

e The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application NumberandFiling Date, is required.
Nofe:If a petition under 37 CFR 1.47is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, orif no inventor is available by a party with sufficient proprietary
interest, is required.

The applicant needsto satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge (for late submissionoffiling fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
identified in this letter.

SUMMARYOF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity

© $130 Surcharge.

Replies should be mailed to: Mail Stop Missing Parts
Commissionerfor Patents
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CERTIFICATE OF MAILING

Attorney Docket No. 05621/LH I hereby certify that this
correspondence is being deposited
with the United States Postal

IN THE UNITED STATES PATENT Service as First Class mail in an ~
AND TRADEMARK OFFICE envelope addressed to: Mail Stop °

Missing Parts, Commissioner for
Patents, P.O. Box 1450, Alexandria, ¢

(s): S. SHIMODA, ET AL VA 22313-1450, on the date noted below

11/232, 368
aron Portnoy

 
September 21, 2005 Dated: October 24, 2005

For : TRANSISTOR ARRAY SUBSTRATE In the event that this Paper
AND DISPLAY PANEL is late filed, and the

necessary petition for
extension of time is not filed

Art Unit - 2827 concurrently herewith, pleaseconsider this as a Petition

Customer No.: 01933 for the requisite extension of
Examiner : time, and to the extent not

tendered by credit card
(Form PTO~2038 attached

SUBMISSION OF SIGNED DECLARATION hereto), authorization to
charge the extension fee,
or any other fee required

Commissioner for Patents in connection with this
Alexandria, VA 22313-1450 Paper, to Account No. 06-1378.

Att: MS - MISSING PARTS

SIR

Responsive to the Patent Office Notice mailed October 14,

2005 (copy enclosed), the term for response to which expires on

December 14, 2005, submitted herewith is a Declaration executed

by the inventors and attached to a complete set of application

papers.

Submitted herewith is a PTO-2038. form authorizing a charge

of $130.00.

Authorization is also given to charge any additional fees

which may be required to Deposit Account No. 06-1378.

 

 

It is respectfully requested that prosecytion on the merits

now proceed.

Respectfully submifted,

Leonard Hol

Reg. No. 2

Frishauf, Holtz, Goodman & Chick, P.C.
220 Fifth Avenue - 16th Floor

New York, New York 10001-7708
Tel. No. (212) 319-4900
Fax No. (212) 319-5101
LH:sp
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TITLE OF THE INVENTION

TRANSISTOR ARRAY SUBSTRATE AND DISPLAY PANEL

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the

benefit of priority from prior Japanese Patent

Applications No. 2004-273532, filed September 21, 2004;

No. 2004-273580, filed September21, 2004; and

No. 2005~-269434, filed September 16, 2005, the entire

contents of all of which are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a transistor

array substrate having a plurality of transistors and,

more particularly, to a display panel using light-

emitting elements which cause self emission when a

current is supplied by the transistor array substrate.

2. Description of the Related Art

Organic electroluminescent display panels can

roughly be classified into passive driving types and

active matrix driving types. Organic

electroluminescent display panels of active matrix

driving type are more excellent than those of passive

driving type because of high contrast and high

resolution. In a conventional organic

electroluminescent display panel of active matrix

display type described in, e.g., Jpn. Pat. Appln. KOKAI
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Publication No. 8-330600, an organic electroluminescent

element (to be referred to as an organic EL element

hereinafter), a driving transistor which supplies a

current to the organic EL element when a voltage signal

corresponding to image data is applied to the gate of

the transistor, and a switching transistor which

performs switching to supply the voltage signal

corresponding to image data to the gate of the driving

transistor are arranged for each pixel. In this

display panel, when a predetermined scan line is

selected, the switching transistor is turned on. At

‘this time, a voltage of level representing the

luminance is applied to the gate of the driving

transistor through a signal line. Thus, the driving

transistor is turned on. A driving current having a

magnitude corresponding to the level of the gate

voltage is supplied from the power supply to the

organic BL element through the source-to-drain path of

the driving transistor. Consequently, the EL element

emits light at a luminance corresponding to the

magnitude of the current. During the period from the

end of scan line selection to the next scan line

selection, the level of the gate voltage of the driving

transistor is continuously held even after the

switching transistor is turned off. Hence, the organic

EL element keeps emitting light at a luminance
corresponding to the magnitude of the driving current
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corresponding to the voltage.

To drive the organic electroluminescent display

panel, a driving circuit is provided around the display

panel to apply a voltage to the scan lines, signal

lines, and power supply lines laid on the display

panel.

-In the conventional organic electroluminescent

display panel of active matrix driving type,

interconnections such as a power supply line to supply

a current to an organic EL element are patterned

simultaneously in the thin-film transistor patterning

step by using the material of a thin-film transistor

such as a switching transistor or driving transistor.

More specifically, in manufacturing the display panel,

a conductive thin film as a prospective electrode of a

thin-film transistor is subjected to photolithography

and etching to form the electrode of a thin-film

transistor from the conductive thin film. At the same

time, an interconnection connected to the electrode is

also formed. For this reason, when the interconnection

is formed from the conductive thin film, the thickness

of the interconnection equals that of the thin-film

‘transistor.

The electrode of the thin-film transistor is

designed assuming that it functions as a transistor.

In other words, the electrode is not designed assuming

that it supplies a current to a light-emitting element.
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Hence, the thin-film transistor is thin literally. If

a current is supplied from the interconnection to a

plurality of light-emitting elements, a voltage drop

occurs, or the current flow through the interconnection

delays’ due to the electrical resistance of the

interconnection. To suppress the voltage drop or

interconnection delay, the resistance of the

interconnection is preferably low. If the resistance

of the interconnection is reduced by making a metal

layer serving as the source and drain of the transistor

or a metal layer serving as the gate electrode thick,

or patterning the metal layers considerably wide to

sufficiently flow the current through the metal layers,

the overlap area of the interconnection on another

interconnection or conductor when viewed from the upper

side increases, and a parasitic capacitance is

generated between them. This retards the flow of the

current. Alternatively, in a so-called bottom emission

structure which emits EL light from the transistor

array substrate side, light emitted from the EL

elements is shielded by the interconnections, resulting

in a decrease in opening ratio, i.e., the ratio of the

light emission area. If the gate electrode of the

thin-film transistor is made thick to lower the

resistance, a planarization film (corresponding to a

gate insulating film when the thin-film transistor has,

e.g., an inverted stagger structure) to eliminate the
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step of the gate electrode must also be formed thick.

This may lead to a large change in transistor

characteristic. When the source and drain are formed

thick, the etching accuracy of the source and drain

degrades. This may also adversely affect the

transistor characteristic.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to

satisfactorily drive a light-emitting element while

suppressing any voltage drop and signal delay.

A transistor array substrate according to a first

aspect of the present invention comprises:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the

driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of the plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of the plurality

of driving transistors and arrayed to cross the

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected
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to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

formed on the plurality of supply lines along the

plurality of supply lines, respectively.

Preferably, a substrate according to claim 1,

further comprising a plurality of scan lines which are
patterned together with the sources and drains of the

plurality of driving transistors and arrayed to cross

the plurality of supply lines via the gate insulating

film.

Preferably, a substrate according to claim 2,

which further comprises a plurality of switch

transistors which are arrayed in a matrix on the

substrate, each of the switch transistors having the

gate insulating film inserted between a gate and a

source and drain, and

in which one of the source and drain of each of

the plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of the plurality of driving

transistors,

the gate of each of the plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and

the other of the source and drain of each of the
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Plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film.

Preferably, a substrate according to claim 2,

which further comprises a plurality of holding

transistors which are arrayed in a matrix on the

substrate, each of the holding transistors having the
gate insulating film inserted between a gate and a
source and drain, and

in which one of the source and drain of each of

the plurality of holding transistors is electrically

connected to the gate of a corresponding one of the

plurality of driving transistors through a contact hole

formed in the gate insulating film,

the other of the source and drain of each of the

plurality of holding transistors is electrically

connected to one of the supply line and the scan line,

and

the gate of each of the plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film.

A display panel according to a second aspect of

the present invention is a display panel comprising:

a substrate;

a plurality of driving transistors which are

arrayed in a matrix on the substrate, each of the
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driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of the plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of the plurality

of driving transistors and arrayed to cross the

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

connected to the plurality of supply lines along the

plurality of supply lines;

a plurality of pixel electrodes each of which is

electrically connected to the other of the source and

the drain of each of the plurality of driving

transistors;

a plurality of light-emitting layers which are

formed on the plurality of pixel electrodes,

respectively; and

a counter electrode which covers the plurality of

light-emitting layers.

Preferably, a panel according to claim 13, further
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comprising a plurality of scan lines which are

patterned together with the sources and drains of the

plurality of driving transistors and arrayed to cross

the plurality of supply lines via the gate insulating

film.

According to this aspect, the signal lines are

patterned together with the gates of the driving

transistors. However, since the feed interconnections

are stacked on the supply lines, the feed

interconnections are formed separately for the drains,

sources, and gates of the driving transistors. For

this reason, the feed interconnection can be made thick

without increasing its width, and the resistance of the

feed interconnection can be reduced. Hence, even when

a Signal is output to the driving transistor and pixel

electrode through the feed interconnection, the voltage

drop and signal delay can be suppressed.

When the feed interconnections are to be formed by

electroplating, the supply lines are formed on the

Signal lines. When the structure is dipped in a

plating solution while a voltage is applied to the

supply lines in the manufacturing step of the

transistor array substrate and the display panel,

the feed interconnections can be grown on the supply

lines.

According to this aspect, since the feed

interconnections can be made thick, the resistance of
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the feed interconnections can be reduced. When the

resistance of the feed interconnections decreases, the
signal delay and voltage drop can be suppressed.

A display panel manufacturing method according to

a fourth aspect of the present invention is claim 18.

A thick interconnection can suppress the voltage

drop and can also be used as a partition wall in

forming an organic compound-containing solution. Since

the liquid repellent conductive layer exhibits liquid

repellency, an organic compound layer can

satisfactorily be patterned. A liquid repellent

conductive layer containing, e.g., a triazine compound

can selectively be formed on a metal surface so as to

exhibit liquid repellency but cannot be formed on the

surface of an insulator or a metal oxide to exhibit

liquid repellency. In addition, the liquid repellent

conductive layer is formed on the metal surface very

thin. Hence, the electrical conductivity on the metal

surface is not lost.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a view showing the circuit arrangement

of an EL display panel together with an insulating

substrate;

FIG. 2 is an equivalent circuit diagram of a pixel

circuit of the EL display panel;

FIG. 3 is a plan view showing the electrode of the

pixel circuit of the EL display panel;
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FIG. 4 is a plan view showing the electrode of the

pixel circuit of the EL display panel;

FIG. 5 is a sectional view taken along a line

V- V in FIG. 3;

FIG. 6 is a sectional view taken along a line

VI - VI in FIG. 3;

FIG. 7 is a sectional view taken along a line

VII - VII in FIG. 3;

FIG. 8 is a sectional view taken along a line

VIII - VIII in FIG. 3;

FIG. 9 is a plan view showing a state wherein a

gate layer is patterned;

FIG. 10 is a plan view showing a state wherein a

drain layer is patterned;

FIG..11 is a plan view showing a state wherein the

drain layer is superposed on the patterned gate layer;

FIG. 12 is a schematic plan view showing the

layout of an organic EL layer of the EL display panel;

FIG. 13 is a timing chart for explaining a driving

method of the EL display panel;

FIG. 14 is a timing chart for explaining another

driving method of the EL display panel;

FIG. 15 is a graph showing the current vs. voltage

characteristic of the driving transistor and organic EL

element of each pixel circuit;

FIG. 16 is a graph showing the correlation between

the maximum voltage drop and the interconnection
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resistivity o/sectional area S of the feed

interconnection and common interconnection of a 32-inch

EL display panel;

FIG. 17 is a. graph showing the correlation between

the sectional area and the current density of the feed

interconnection and common interconnection of the

32-inch EL display panel;

FIG. 18 is a graph showing the correlation between

the maximum voltage drop and the interconnection

resistivity o/sectional area S of the feed

interconnection and common interconnection of a 40-inch

EL display panel 1;

FIG. 19 is a graph showing the correlation between

the sectional area and the current density of the feed

interconnection and common interconnection of the

40-inch EL display panel;

FIG. 20 is a view showing the circuit arrangement

of an EL display panel together with an insulating

substrate;

FIG. 21 is an equivalent circuit diagram of a

pixel circuit of the EL display panel;

FIG. 22 is a plan view showing the electrodes of

pixel circuits Pj,4 and Pj,4+1 of the EL display panel;

FIG. 23 is a sectional view taken along a plane

perpendicular to the channel width of a driving |

transistor;

FIG. 24 is a sectional view taken along a line
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XXIV - XXIV in FIG. 22;

FIG. 25 is a sectional view taken along a line

XXV - XXV in FIG. 22;

FIG. 26 is a schematic view showing the coating

structure of a liquid repellent conductive film;

FIG. 27 is a schematic plan view showing the

layout of the organic EL layers of the EL display

panel; and .

FIG. 28 is a timing chart for explaining the

operation of the EL display panel.

DETAILED DESCRIPTION OF THE INVENTION

{First Embodiment]

The best mode for carrying out the present

invention will be described below with reference to the

accompanying drawing. Various kinds of limitations

which are technically preferable in carrying out the

present invention are added to the embodiments to be

described below. However, the spirit and scope of the

present invention are not limited to the following

embodiments and illustrated examples.

[Overall Arrangement of BEL Display Panel]

FIG. 1 is a schematic view showing an EL display

panel 1 of active matrix driving type. As shown in

FIG. 1, the EL display panel 1 comprises an insulating

substrate 2, n (a plurality of) signal lines Yj to Yn,

m (a plurality of) scan lines Xj to Xm, m (a plurality

of) supply lines 2, to 2m, (m X n) pixel circuits P14
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to Pm,n, a plurality of feed interconnections 90, and

common interconnections 91. The insulating substrate 2

is optically transparent and has a flexible sheet shape

or a rigid plate shape. The signal lines Y;1 to Y, are

arrayed on the insulating substrate 2 in parallel to

each other. The scan lines Xj to Xm are arrayed on the

insulating substrate 2 to be perpendicularly to the

signal lines Yj to Yy, when the insulating substrate 2

is viewed from the upper side. The supply lines Z1 to

2m are arrayed on the insulating substrate 2 between

the scan lines Xj to Xm to be parallel to them so that

the supply lines and scan lines alternate. The pixel

circuits Pj,/j4 to Pm,n are arrayed on the insulating

substrate 2 in a matrix along the signal lines Yj to Yy

and scan lines Xj to Xm. The feed interconnections 90

are provided in parallel to the supply lines 2 1 to Zp

when viewed from the upper side. The common

interconnections 91 are provided in parallel to the

signal lines Yj to Y, when viewed from the upper side.

In the following description, the direction in

which the signal lines Yz to Yp run will be defined as

the vertical direction (column direction), and the

direction in which the scan lines X1 to Xm run will be

defined as the horizontal direction (row direction).

In addition, m and n are natural numbers (m 2 2,

n 2 2). The subscript added to a scan line X

represents the sequence from the top in FIG. 1. The
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subscript added to a supply line Z represents the

sequence from the top in FIG. 1. The subscript added

to a signal line Y represents the sequence from the

left in FIG. 1. The first subscript added to a pixel

circuit P represents the sequence from the top, and the

second subscript represents the sequence from the left.

More specifically, let i be an arbitrary natural number

of 1 to m, and j be an arbitrary natural number of 1 to

n, a scan line Xj is the ith row from the top, a supply

line Z; is the ith row from the top, a signal line Y3

is the jth column from the left, and a pixel circuit

Pi,j is located on the ith row from the top and the jth

column from the left. The pixel circuit Py,; is
connected to the scan line Xj, supply line Zi, and

Signal line Y3-

The total number of feed interconnections 90 is m.

A voltage VL to flow a write current and a voltage VH

to flow a driving current are applied from a left

terminal 90b and right terminal 90c on the insulating

substrate 2 to each feed interconnection 90. For this

reason, the voltage drop of the feed interconnection 90

can be suppressed small as compared to when applying

the voltages VL and VH from one of the left terminal

90b and right terminal 90c. The feed interconnections

90 are formed on the upper surfaces of the supply lines

Z| to Zn to be electrically connected to them.

The total number of common interconnections 91 is

LG Display Co., Ltd.
Exhibit 1002

Page 245



LG Display Co., Ltd. 
Exhibit 1002 

Page 246

10

15

20

25

- 16 -

n+l. Two common interconnections 91 adjacent in the

row direction also function as partition walls to

partition, in film formation, organic EL layers 20b of

organic EL elements (light-emitting elements) 20
arranged between them. The common interconnections 91

are connected to a lead interconnection 91a on the

front side and to a lead interconnection 91b on the

rear side. The lead interconnections 9la and 91b have

the same thickness as the common interconnections 91

and also function as partition walls to partition the

organic EL layers 20b in the fore-and-aft direction in

film formation. The common interconnections 91 are

connected to an external device through interconnection

terminals 9ic. A common potential Vcom is applied to

the common interconnections 91.

In the EL display panel 1, regions partitioned in

a matrix by the scan lines Xj to Xm and signal lines Yj

to Yn form pixels. Each of the pixel circuits Pj,/1 to

Pm,n iS provided in one region.

[Circuit Arrangement of Pixel Circuit]

The pixel circuits P,,, to Pm,n have the same

structure. So, the arbitrary pixel circuit Pi,3 of the

pixel circuits Pj,/1 to Pm,n will be described. FIG. 2

is an equivalent circuit diagram of the pixel circuit

Pi,j: FIGS. 3 and 4 are plan views mainly showing the

electrode of the pixel circuit Pi,j: For the

illustrative convenience, FIG. 3 does not illustrate a
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pixel electrode 20a of the pixel circuit Pj, j. FIG. 4

does not illustrate the electrode on the lower side of

the pixel circuit Pi,3-

The pixel circuit Pi,3 comprises the organic EL

element 20 serving as a pixel, three N-channel

amorphous silicon thin-film transistors (to be simply

referred to as transistors hereinafter) 21, 22, and 23

arranged around the organic EL element 20, anda

capacitor 24. The first transistor 21 will be referred

to as the switch transistor 21, the second transistor

22 as the holding transistor 22, and the third

transistor 23 as the driving transistor 23 hereinafter.

As shown in FIG. 2, in the switch transistor 21 of

the pixel circuit Pi,j, a source 21s is electrically

connected to the signal line Yy- A drain 21d is

electrically connected to .the pixel electrode 20a of

the organic EL element 20, a source 23s of the driving

transistor 23, and an upper electrode 24B of the

capacitor 24. A gate 21g of the first transistor is

electrically connected to a gate 22g of the holding

transistor 22 and the scan line Xj.

In the holding transistor 22, a source 22s is

electrically connected to a gate 23g of the driving

transistor 23 and a lower electrode 24A of the

capacitor 24. A drain 22d of the second transistor 22

is electrically connected to a drain 23d of the driving

transistor 23 and the supply line Z;. The gate 22g is
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electrically connected to the gate 21g of the switch

transistor 21 and the scan line Xj.

In the driving transistor 23, the source 23s is

electrically connected to the pixel electrode 20a of

the organic EL element 20, the drain 21d of the switch

transistor 21, and the electrode 24B of the capacitor

24. The drain 23d of the transistor 23 is electrically

connected to the drain 22d of the holding transistor 22

and the supply line Zi. The gate 23g is electrically
connected to the source 22s of the holding transistor

22 and the lower electrode 24A of the capacitor 24.

{Planar Layout]

As shown in FIGS. 1 to 4, when the entire EL

display panel 1 is viewed from the upper side, the scan

lines X1; to Xm and supply lines 21 to Zp are

alternately arrayed. The feed interconnections 90

overlap the supply lines Z;1 to 2m. The signal lines Yj

to Yn and common interconnections 91 are alternately
arrayed.

As shown in FIGS. 3 and 4, a focus is placed on

the arbitrary pixel circuit Py,3 Of the pixel circuits

P1,1 to Pm,n- When viewed from the upper side, a

rectangular region is formed between the signal line Y¥5

and the common interconnection 91 and between the scan

line X; and the supply line 2; while being surrounded

by them. The pixel electrode 20a of the organic EL

element 20 is arranged in the rectangular region.
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Hence, when the entire EL display panel 1 is viewed

from the upper side, the plurality of pixel electrodes

20a are arrayed in a matrix. The pixel electrode 20a

is formed into a rectangular shape long in the vertical

direction when viewed from the upper side.

When viewed from the upper side, the switch

transistor 21 is arranged along the signal line Ys.

The switch transistor 21 overlaps the edge of the pixel

electrode 20a.

When viewed from the upper side, the holding

transistor 22 is arranged along the scan line Xj. The

holding transistor 22 overlaps the edge of the pixel

electrode 20a.

When viewed from the upper side, the driving

transistor 23 is arranged to overlap the common

interconnection 91.

When viewed from the upper side, the capacitor 24

is arranged along the common interconnection 91, supply

line Zi, and signal line Y5 and overlaps the edge of

the pixel electrode 20a.

The entire EL display panel 1 is viewed from the

upper side, and a focus is placed on only the switch

transistors 21 of the pixel circuits P1,1 to Ph,n- The
plurality of switch transistors 21 are arrayed on the

insulating substrate 2 in a matrix. When a focus is

placed on only the holding transistors 22 of the pixel

circuits P1,1 to Pm,n viewed from the upper side, the
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plurality of holding transistors 22 are arrayed on the

insulating substrate 2 in a matrix. When a focus is

piaced on only the driving transistors 23 of the pixel

circuits P},1 to Pm,n viewed from the upper side, the

plurality of driving transistors 23 are arrayed on the

insulating substrate 2 in a-matrix.

{Layer Structure of EL Display Panel]

The layer structure of the EL display panel 1 will

be described. The layer structure of the three

transistors 21 to 23 will be described first with

reference to FIGS. 5 to 8. FIG. 5 is a sectional view

taken along a line V - V in FIG. 3 in the direction of

thickness of the insulating substrate 2. FIG. 6 is a

sectional view taken along a line VI - VI in FIG. 3 in

the direction of thickness of the insulating substrate

2. FIG. 7 is a sectional view taken along a line

VII - VII in FIG. 3 in the direction of thickness of

the insulating substrate 2. FIG. 8 is a sectional view

taken along a line VIII - VIII in FIG. 3 in the

direction of thickness of the insulating substrate 2.

FIGS. 5 to 7 also show part of a pixel circuit Pi,j-1

next to the pixel circuit Pj/4.

As shown in FIG. 5, the switch transistor 21

includes the gate 21g, gate insulating film 31,

semiconductor film 21lc, channel protective film 21p,

impurity-doped semiconductor films 21a and 21b, drain

21d, and source 21s. The gate 21g is formed on the
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transparent insulating substrate 2. The gate

insulating film 31 has a part formed on the gate 21g.

The semiconductor film 21c opposes the gate 21g via the

part of the gate insulating film 31. The channel

protective film 21p is formed on the central portion of

the semiconductor film 2lc. The impurity-doped

semiconductor films 2la and 21b are formed on two end

portions of the semiconductor film 21c to be spaced

apart from each other and partially overlap the channel

protective film 2lip. The drain 21d is formed on one

impurity-doped semiconductor film 2la. The source 21s

is. formed on the other impurity-doped semiconductor

film 21b. The drain 21d and source 21s can have either

a Single-layer structure or a layered structure

including two or more layers.

As shown in FIG. 8, the holding transistor 22

includes the gate 22g, gate insulating film 31,

semiconductor film 22c, channel protective film 22p,

impurity-doped semiconductor films 22a and 22b, drain

22d, and source 22s. The gate 22g is formed on the

insulating substrate 2. The gate insulating film 31

has a part formed on the gate 22g. The semiconductor

film 22c opposes the gate 22g via the part of the gate

insulating film 31. The channel protective film 22p is

formed on the central portion of the semiconductor film

22c. The impurity-doped semiconductor films 22a and

22b are formed on two ends of the semiconductor film
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22c to be spaced apart from each other and partially

overlap the channel protective film 22p. The drain 22d

is formed on one impurity-doped semiconductor film 22a.

The source 22s is formed on the other impurity-doped

semiconductor film 22b. The drain 22d and source 22s

can have either a single-layer structure or a layered

structure including two or more layers.

As shown in FIG. 5, the driving transistor 23

includes the gate 23g, gate insulating film 3l,

semiconductor film 23c, channel protective film 23p,

impurity-doped semiconductor films 23a and 23b, drain

23d, and source 23s. The gate 23g is formed on the

insulating substrate 2. The gate insulating film 31

has a part formed on the gate 23g. The semiconductor
film 23c opposes the gate 23g via the part of the gate
insulating film 31. The channel protective film 23p is

formed on the central portion of the semiconductor film

23c. The impurity-doped semiconductor films 23a and

23b are formed on two ends of the semiconductor film

23c to be spaced apart from each other and partially

overlap the channel protective film 23p. The drain 23d

is formed on one impurity-doped semiconductor film 23a.

The source 23s is formed on the other impurity-doped

semiconductor fiim 23b. When viewed from the upper

side, the source 23s of the driving transistor 23 has a

U shape so that the channel width of the driving

transistor 23 is large. The drains 21d to 23d and
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sources 21s to 23s of the transistors 21 or 23 are

formed by patterning the same material layer.

The layer structure of the capacitor 24 will be

described next. As shown in FIGS. 5 and 8, the

capacitor 24 includes the lower electrode 24A, gate

insulating film 31, and upper electrode 24B. The lower

electrode 24A is formed on the insulating substrate 2.

The gate insulating film 31 has a part formed on the

lower electrode 24A. The upper electrode 24B opposes

the lower electrode 24A via the part of the gate

insulating film 31.

The relationship between the layers of the

transistors 21 to 23 and the capacitor 24, the signal

lines Y; to Yn, the scan lines Xj to Xm, and the supply

lines Z1 to Z, will be described next with reference to

FIGS. 5 to 11. FIGS. 9 to 11 are plan views of the

electrodes of the transistors 21 to 23.

As shown in FIGS. 5 to 8 and 9, the gates 21g,

22g, 23g of said three transistors 21, 22, 23, and the

lower electrodes 24K of the capacitors 24 of the pixel

circuits Py/1 to Pm,n, and the signal lines Yj to Yn

are formed, using photolithography and etching, by

patterning a single conductive film formed on the

entire surface of the insulating substrate 2. The

conductive film as the base of the gates 21g 22g 23g of

said three transistors 21, 22, 23, the lower electrodes

24A of the capacitors 24, and the signal lines Y; to Yn
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will be referred to as a gate layer hereinafter.

FIG. 9 is a plan view showing a state wherein the gate

layer is patterned.

As shown in FIGS. 5 to 8, the gate insulating film

31 is formed on the entire surface as a film common to

all the transistors 21, 22, 23, and capacitors 24 of

the pixel circuits P,,1 to Pm,n- Hence, the gate

insulating film 31 covers the gates 21g, 22g, 23g of

the respecting transistors 21, 22, 23, the lower
electrodes 24A of the capacitors 24, and the signal

lines Yy to Ypy. .

As shown in FIGS. 5 to 8 and 10, the drains 21d

and sources 21s of the switch transistors 21, the

drains 22d and sources 22s of the holding transistors

22, the drains 23d and sources 23s of the driving

transistors 23, and the lower electrodes 24A of the

capacitors 24 of the pixel circuits Pi1,1 to Pm,n, the

scan lines Xi; to Xm, and the supply lines 21 to Zp are

formed, using photolithography and etching, by

patterning a single conductive film formed on the

entire surface of the gate insulating film 31. The

conductive film as the base of the drains 21d and

sources 21s of the switch transistors 21, the drains

22d and sources 22s of the holding transistors 22, the

drains 23d and sources 23s of the driving transistors

23, the electrodes 24A of the capacitors 24, the scan

lines Xj to Xm, and the supply lines 2; to Zm will be

LG Display Co., Ltd.
Exhibit 1002

Page 254



LG Display Co., Ltd. 
Exhibit 1002 

Page 255

10

15

20

25

— 25 -_

referred to as a drain layer hereinafter.

FIG. 10 is a plan view showing a state wherein the

drain layer is patterned. FIG. 11 is a plan view

showing a state wherein the patterned drain layer is

superposed on the patterned gate layer.

As shown in FIGS. 3, 7, 9, and 10, the scan line

Xj is electrically connected to the gate 21g of the

switch transistor 21 and the gate 22g of the holding

transistor 22 through a contact hole 92 formed in the

gate insulating film 31. The signal line Yy is

electrically connected to the source 21s of the switch

transistor 21 through a contact hole 94 formed in the

gate insulating film 31. The source 22s of the holding

transistor 22 is electrically connected to the gate 23g

of the driving transistor 23 through a contact hole 93

formed in the gate insulating film 31.

As shown in FIGS. 5 to 8, the switch transistors

21, holding transistors 22, driving transistors 23,

scan lines Xj to Xm, and supply lines 21 to Zp are

covered with a protective insulating film 32 formed on

the entire surface. The protective insulating film 32

is divided into strips at the overlap portions on the

supply lines Z1 to Z,. This will be described later in

detail.

A planarization film 33 is formed on the

protective insulating film 32 so that the

three-dimensional pattern of the switch transistors 21,
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holding transistors 22, driving transistors 23, scan

lines X1 to Xp, and supply lines Z, to Z, is eliminated

by the planarization film 33. That is, the surface of

the planarization film 33 is flat. The planarization

film 33 is formed by hardening a resin. The

planarization film 33 is divided into strips at the

overlap portions on the supply lines 2; to Z, together

with the protective insulating film 32. This will be

described later in detail.

To use the EL display panel 1 as a bottom emission

type, i.e., to use the insulating substrate 2 as the

display screen, transparent materials are used for the

gate insulating film 31, protective insulating film 32,

and planarization film 33.

A plurality of long trenches 34 (FIG. 8) running

in the horizontal direction along the supply lines 2}

to Z, are formed in the protective insulating film 32

and planarization film 33 while overlapping the supply

lines 2,1 to 2m. Both insulating film 32, 33 are.

divided into rectangles running in the horizontal

direction. by two trenches 34 adjacent in the vertical
direction. The feed interconnections 90 are buried in

the trenches 34 so that the feed interconnections 90

are electrically connected to the supply lines Zj to

Zm- The feed interconnections 90 are formed by

electroplating and are therefore much thickerthan the
Signal lines YY; to Yp, scan lines Xj to Xp, supply
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lines 21 to Zm, and the gates, sources, and drains of

the transistors 21 to 23. More specifically, the

thickness height of the feed interconnection 90 almost

equals the total thickness or height of the protective

insulating film 32 and planarization film 33. The feed

interconnection 90 is made of gold, nickel, or a

layered body thereof.

The layered structure from the insulating

substrate 2 to the planarization film 33 is called a

transistor array substrate 50. In the transistor array

substrate 50, assemblies each having the switch

transistor 21, holding transistor 22, and driving

transistor 23 are arrayed in a matrix when viewed from

the upper side.

The layer structure formed on the upper surface of

the transistor array substrate 50 will be described

next. The plurality of pixel electrodes 20a are

arrayed in a matrix on the surface of the transistor

array substrate 50, i.e., the upper surface of the

planarization film 33. A plurality of contact holes 95

are formed in the planarization film 33 and protective

insulating film 32 while overlapping the pixel

electrodes 20a and the upper electrodes 24B of the

capacitors 24. Conductive pads are buried in the

contact holes 95. Hence, the pixel electrode 20a is

electrically connected to the upper electrode 24B of

the capacitor 24, the drain 21d of the switch
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transistor 21, and the source 23s of the driving

transistor 23 through the contact hole 95 formed

through the planarization film 33 and protective

insulating film 32. The conductive pad in the contact

hole 95 is formed by electroplating.

The pixel electrode 20a is an electrode

functioning as the anode of the organic EL element 20.

More specifically, the work function of the pixel

electrode 20a is preferably relatively high so that

holes can efficiently be injected into the organic EL

layer 20b (to be described later). In a bottom

emission structure, the pixel electrode 20a has a

transparency to visible light. As the pixel electrode

20a, for example, a metal oxide containing, e.g.,

indium tin oxide (ITO), indium zinc oxide, indium oxide

(Inz03), tin oxide (SnO3), zinc oxide (ZnO), or cadmium

tin oxide (CTO) as the major component can be used.

To use the EL display panel 1 as a top emission

type, i.e., to use the opposite side of the insulating

substrate 2 as the display screen, a reflecting film

having conductivity and high visible light reflectance

is preferably formed between the pixel electrode 20a

and the planarization fiim 33.0

The pixel electrodes 20a are formed, using

photolithography ana etching, by patterning a

conductive film (a transparent conductive film for a

bottom emission type) formed on the entire surface of
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the planarization film 33. On the feed

interconnections 90 between the pixel electrodes 20a

adjacent in the vertical direction, conductive lines 51

electrically connected to the feed interconnections 90

along them are patterned on alternate columns of the

pixel electrodes 20a. The conductive lines 51 are

patterned together with the pixel electrodes 20a by

etching a conductive film as the prospective pixel

electrodes 20a. The width of each conductive line 51

is so larger than that of the feed interconnection 90

under it that the feed interconnection 90 is covered

not to expose and protected from the etchant of the

conductive lines 51.

A mesh-shaped insulating film 52 made of

insulating material such as silicon nitride is

patterned between the pixel electrodes 20a. More

specifically, the insulating film 52 is formed into a

grid shape so that it runs in the row direction to

cover the conductive lines 51 and not to expose them

and also runs in the column direction as an underlayer

of the common interconnections 91 (to be described

later). The common interconnections 91 are formed

along the column direction on the insulating film 52

between the pixel electrodes 20a adjacent in the

horizontal direction. .

Since the common interconnections 91 are formed by

electroplating, they are much thicker than the signal
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lines Yj to Yn, the scan lines Xj to Xm, the supply

lines Z 1 to Zp, and the gates, sources, and drains of

the transistors 21 to 23. The common interconnections

91 contain at least one.of copper, aluminum, gold, and

nickel.

A liquid repellent conductive film 55 having water

repellency and/or oil repellency is formed on the upper
surface of each common interconnection 91. The liquid

repellent conductive films 55 are formed by reducing

and eliminating hydrogen atoms (H) of the mercapto

group (-SH) of triazyl-trithiol expressed by chemical

formula (1), and oxidizing and adsorbing sulfur atoms

(S) in the surfaces of the common interconnections 91.

SH

a“
JL ZA

S N SH

N

H

In the liquid repellent conductive film 55,

triazyl-trithiol molecules are formed very thin on the

surface of the common interconnection 91. For this

reason, the liquid repellent conductive film 55 has a

very low resistance in the direction of thickness and

rarely has insulating properties. To make the water

repellency and/or oil repellency more effective, a

triazinethiol derivative in which an alkyl fluoride

group substitute for one or two mercapto groups of
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triazyl-trithiol may be used in place of

triazyl-trithiol. Such a triazyl compound can

selectively be coated and bonded to a metal like the

common interconnection 91. More specifically, an

aqueous solution of 6-dimethylamino-1,3,5-triazine-2,

and 4-dithiol-sodium salt is prepared at a

concentration of 1073 mol/L. When the common

interconnection 91 is dipped in the aqueous solution at

a liquid temperature of 26°C for a dipping time of

30 min, the liquid repellent conductive film 55 having

a thickness of about 0.7 nm is formed on the surface of

the common interconnection 91 (the thickness is a

measured value by ellipsometer). Alternatively, an

aqueous solution of 6-didodecylamino-1,3,5-triazine-2,

and 4-dithiol-sodium salt is prepared at a

concentration of 1073 mol/L. When the common

interconnection 91 is dipped in the aqueous solution at

a liquid temperature of 46C for a dipping time of
30 min, the liquid repellent conductive film 55 having

a thickness of about 1.8 nm is formed on the surface of

the common interconnection 91 (the thickness is a

measured value by ellipsometer).

Alternatively, an aqueous solution of sodium

hydroxide and a triazinethiol derivative (e.g.,

expressed by the chemical formula below) using

pure water as the solvent may be applied to the

common interconnection 91 to coat it with the
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triazinethiol derivative. For this solution, the

concentration of the triazinethiol derivative is set to

2.0 X 1073 mol/L, and that of sodium hydroxide is set

to 2.0 X 1073 mol/L.

As described above, the fluorine-based

triazinethiol compound in which at least part of

hydrogen of an alkyl group is substituted with a

fluorine group exhibits stronger liquid repellency than

a triazinethiol compound containing no fluorine.

The organic EL layer 20b of the organic EL element

20 is formed on the pixel electrode 20a. The organic

EL layer 20b is a light-emitting layer of broad sense.

The organic EL’ layer 20b contains a light-emitting

material (phosphor) as an organic compound. The

organic EL layer 20b has a two-layer structure in which
a hole transport layer and a light-emitting layer of

narrow sense are formed sequentially on the pixel

electrode 20a. The hole transport layer is made of

PEDOT (polythiophene) as a conductive polymer and PSS

(polystyrene sulfonate) as a dopant. The

light-emitting layer of narrow sense is made of a
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polyfluorene-based light-emitting material.

The organic EL layer 20b is formed by wet coating

(e.g., ink-jet method) after coating of the liquid |
repellent conductive film 55. In this case, an organic

compound-containing solution containing an organic

compound as the prospective organic EL layer 20b is

applied to the pixel electrode 20a. The liquid level

of the organic compound-containing solution is higher

than the top of the insulating film 52. The thick

common interconnection 91 whose top is much higher than

that of the insulating film 52 is provided between the

pixel electrodes 20a adjacent in the horizontal

direction. The common interconnection 91 prevents the
organic compound-containing solution applied to a pixel

electrode 20a from leaking to the pixel electrodes 20a

adjacent in the horizontal direction. In addition, the

common interconnection 91 is coated with the liquid

repellent conductive film 55 having water repellency

and/or oil repellency, which repels the organic

compound-containing solution applied to the pixel

electrode 20a. The organic compound-containing

solution applied to the pixel electrode 20a is never

deposited excessively thick near the edge of the

insulating line 52 as compared to the center of the

pixel electrode 20a. Hence, the organic EL layer 20b

formed by drying the organic compound-containing

solution can have a uniform thickness.
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When the organic EL layer 20b is formed between

the common interconnections 91 in the above-described

way, a stripe structure in which a region R where the

organic EL layer 20b to emit red light is formed, a

region G where the organic EL layer 20b to emit green

light is formed, and a region B where the organic EL

layer 20b to emit blue light is formed are arrayed in

this order, as shown in FIG. 12, is formed. A

plurality of pixels in the same column emit light of

the same color. |

When viewed from the upper side, the applied

organic compound-containing solution is uniformly

distributed vertically in each column because its left

and right sides are partitioned by the common

interconnections 91. Hence, the plurality of organic

EL layers 20b arrayed in the vertical direction have

the same layer structure and emit light of the same

color. The pixel electrode 20a and organic EL layer

20b need not always have a band shape long in the

vertical direction. Alternately, they may be long in

the horizontal direction.

The organic EL layer 20b need not always have the

two-layer structure. A three-layer structure including

a hole transport layer, a light-emitting layer of

narrow sense, and an electron transport layer

sequentially from the pixel electrode 20a may be

employed. A single-layer structure including a
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light-emitting layer of narrow sense may be used. A

layered structure having an electron or hole injection

layer inserted between appropriate layers in one of the

above layer structures may be employed. Any other

layered structures can also be used.

A counter electrode 20c functioning as the cathode

of the organic BEL element 20 is formed on the organic

EL layer 20b. The counter electrode 20c is a common

electrode commonly formed on the entire surface for all

pixels. ‘The counter electrode 20c formed on the entire

surface covers the common interconnections 91 while

sandwiching the liquid repellent conductive film 55

between them. For this reason, the counter electrode

20¢c is electrically connected to the common

interconnection 91, as shown in the circuit diagram of

FIG. 2.

The counter electrode 20c is formed from a

material having a work function lower than the pixel

electrode 20a. The counter electrode 20c is preferably

made of, e.g., a single substance selected from

magnesium, calcium, lithium, barium, indium, anda rare

earth metal, or an alloy containing at least one of

these single substances. The counter electrode 20c may

have a layered structure in which the layers of various

kinds of materials described above are stacked, or a

layered structure in which a metal layer hard to

oxidize is deposited in addition to the layers of
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various kinds of materials described above to lower the

sheet resistance. More specifically, a layered

structure including a highly pure barium layer having a

low work function and provided on the interface side

contacting the organic EL layer 20b, and an aluminum

layer provided to cover the barium layer, or a layered

structure including a lithium layer on the lower side

and an aluminum layer on the upper side can be used.

In a top emission structure, the counter electrode 20c

may be a transparent electrode having the

above-described thin film with a low work function and

a transparent conductive film made of, e.g., ITO on the

thin film.

A sealing insulating film 56 is formed on the

counter electrode 20c. The insulating film 56 is an

inorganic or organic film provided to cover the entire

counter electrode 20c to prevent its degradation.

Conventionally, in an EL display panel having a

top emission structure, at least part of the counter

electrode 20c is formed as a transparent electrode made

of, e.g., a metal oxide having a sufficiently high

resistance value. The sheet resistance cannot be

sufficient low unless the material is sufficiently

thick. When the material is thick, the transmission of

the organic EL element inevitably decreases. The

larger the screen becomes, the harder a uniform

potential is obtained in a plane. Hence, the display
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In this embodiment, however, the plurality of

common interconnections 91 with a low resistance are

provided to obtain a sufficient thickness in the

vertical direction. Hence, the sheet resistance value

of the entire cathode electrodes of the organic EL

elements 20 can be decreased together with the counter

electrode 20c so that a sufficient large current can be

supplied uniformly in a plane. In this structure, the

common interconnections 91 reduce the sheet resistance

of the cathode electrode. For this reason, the

transmittance can be increased by forming the counter

electrode 20c thin. In a top emission structure, the

pixel electrode 20a may be made of a reflecting

material.

[Manufacturing Method of Transistor Array Substrate and

EL Display Panel]

A method of manufacturing the transistor array

substrate 50 and EL display panel 1 will be described.

A gate layer is formed on the entire surface of

the insulating substrate 2 by vapor deposition such as

CVD, PVD, or sputtering. The gate layer is

sequentially subjected to photolithography and etching

to pattern the gates 2lg, 22g, and 23g and the

electrodes 24A of the pixel circuits P,,/1 to Pm,n and

the signal lines Yj to Yn.

The gate insulating film 31 is formed on the
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entire surface by vapor deposition. The contact holes

92 to 94 of the pixel circuits P1,/j1 to Pm,n are formed

through the gate insulating film 31 by photolithography

and etching.

Vapor deposition, photolithography, and etching

are sequentially executed to pattern the semiconductor

films 21c, 22c, and 23c of the pixel circuits Pj1,j1 to

Pm,n- Vapor deposition, photolithography, and etching
are sequentially executed to pattern the channel

protective films 2lp, 22p, and 23p of the pixel

circuits P,,1 to Pm,n- Vapor deposition,

photolithography, and etching are sequentially executed

to pattern the impurity-doped semiconductor films 2la,

22a, 23a and impurity-doped semiconductor films 21b,

22b, and 23b of the pixel circuits P1,4 to Pyin-

A drain layer is formed on the entire surface of

the gate insulating film 31 by vapor deposition. The

contact holes 92 to 94 of the pixel circuits Pj,1 to

Pm,n are filled with parts of the drain layer.

The drain layer is sequentially subjected to

photolithography and etching to pattern the drains 21d,

22d, and 23d, the sources 21s, 22s, and 23s, and the

electrodes 24B of the pixel circuits P1,1 to Py,n, the

scan lines Xj, to Xm, and the supply lines Z, to Zp.

The protective insulating film 32 is formed on the

entire surface by vapor deposition. A resin is applied

onto the entire protective insulating film 32 and dried
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to form the planarization film 33 on the entire

surface.

The contact holes 95 of the pixel circuits P,,j to

Pm,n are formed through the protective insulating film

32 and planarization film 33. The trenches 34 are

formed in the protective insulating film 32 and

planarization film 33 at positions overlapping the

supply lines 23 to Zp.

Electroplating is executed by applying a voltage

to the supply lines Z] to Z, and the electrodes 24B to

grow the feed interconnections 90 in the trenches 34

and also grow conductive pads in the contact holes 95.

With this process, the feed interconnections 90 are

formed on the supply lines 21 to Z, in the trenches 34,

and the conductive pads are formed on the electrodés

24B in the contact holes 95.

In this way, the transistor array substrate 50 is

completed.

A transparent conductive film is formed on the

entire surface of the transistor array substrate 50 by

vapor deposition. The transparent conductive film is

sequentially subjected to photolithography and etching

to pattern the pixel electrodes 20a of the pixel

circuits P,,1 to Pm,n and the conductive lines 51.

An insulating film is formedon the entire surface

by vapor deposition. On the insulating film, the

common interconnections 91 are grown by electroplating
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between the pixel electrodes 20a adjacent in the

horizontal direction.

A triazyl-trithiol solution is applied on the

entire surface, or the panel is dipped in a

triazyl-trithiol solution to selectively form the

liguid repellent conductive film 55 on the surfaces of

the common interconnections 91. The liquid repellent

conductive films 55 are formed on the surfaces of the

common interconnections 91 because of the properties of

triazyl-trithiol. No liquid repellent conductive film

is formed on the surface of the insulating film.

The insulating film is sequentially subjected to

photolithography and etching to pattern the insulating

film into the insulating film 52 having openings in a

matrix. With this process, the pixel electrodes 20a

are exposed.

By wet coating, the organic EL layers 20b are

patterned. The thick common interconnections 91 are

provided between the pixel electrodes 20a adjacent in

the horizontal direction. In addition, the common

interconnections 91 are coated with the liquid

repellent conductive films 55 having water repellency

and/or oil repellency. Hence, the organic

compound-containing solution applied to each pixel

electrode 20a does not leak to the adjacent pixel

electrodes 20a. The organic compound-containing

solution applied to each pixel electrode 20a is not
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thick around it because of the water repellency and/or

oil repellency of the liquid repellent conductive film

55. Hence, the organic EL layer 20b can be formed in a

uniform thickness.

The counter electrode 20c is formed on the entire

surface by vapor deposition. The sealing insulating

film 56 is formed on the entire surface by vapor

deposition.

In this way, the EL display panel 1 is completed.

[EL Display Panel Driving Method]

The EL display panel 1 can be driven by the active

matrix method in the following way. As shown in

FIG. 13, a select driver connected to the scan lines X}

to Xm sequentially outputs a shift pulse of high level

to the scan lines Xj, to Xm in this order (the scan line

X1 next to the scan line X,), thereby sequentially

selecting the scan lines Xj to Xm. A feed driver is

connected to the feed interconnections 90. The feed

driver applies the write feed voltage VL to supply a

write current to the driving transistors 23 connected

to the supply lines 2, to Z, through the feed

interconnections 90 during a selection period. The

feed driver applies the driving feed voltage VH to

supply a driving current to the organic EL elements 20

through the driving transistors 23 during a light

emission period. The feed driver sequentially outputs

the write feed voltage VL of low level (lower than the.
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voltage of the counter electrode of the organic EL

elements 20) to the supply lines 21 to Z, in this order

(the supply line 21 next to the supply line Zm) in

synchronism with the select driver, thereby

sequentially selecting the supply lines 2, to Zp.

While the select driver is selecting the scan lines Xj

to Xm, a data driver supplies a write current (current

signal) to all the signal lines Yj; to Yp through the

source-to-drain paths of the driving transistors 23 of

a predetermined row. At this time, the feed driver

also outputs the write feed voltage VL of low level

from both the interconnection terminals 90b and 90c to

the feed interconnections 90 connected to the supply

lines Z1 to Zm. The counter electrode 20c and common
interconnections 91 are connected to an external device

through the interconnection terminals 91c and held

at the predetermined common potential Vcom (e.g.,

ground = QV).

During the selection period of the scan line Xj,

the shift pulse of high level is output to the scan

line Xj of the ith row so that the switch transistor 21

and holding transistor 22 are turned on. In each

selection period, the potential on the data driver side

is equal to or lower than the write feed voltage VL

output to the feed interconnections 90 and the supply

lines 21 to Zm. The write feed voltage VL is set to be

equal to or lower than the common potential Vcom. At

LG Display Co., Ltd.
Exhibit 1002

Page 272



LG Display Co., Ltd. 
Exhibit 1002 

Page 273

10

15

20

25

~ 43 =

this time, no current flows from the organic EL

elements 20 to the signal lines Y, to Y,. As shown in

FIG. 2, a write current (current signal) having a

current value corresponding to the gray level is

supplied from the data driver to the signal lines Yj to

Yn, as indicated by an arrow A. In the pixel circuit

Pi,jr the write current (current signal) to the signal

line Y3 flows from the feed interconnection 90 and

supply line 2; through the source-to-drain path of the

driving transistor 23 and the source-to-drain path of

the switch transistor 21. The current value of the

current flowing through the source-to-drain path of the

driving transistor 23 is uniquely controlled by the

data driver. The data driver sets the current value of

the write current in accordance with an externally

input gray level. While the write current (current

signal) is flowing, the voltage between the gate 23g

and source 23s of the driving transistor 23 of each of

pixel circuits P},1 to Py,, of the ith row is forcibly

set in accordance with the current value of the write

current (current signal) flowing to the signal lines Yj

to Yn, i.e., the current value of the write current

(current signal) flowing between the drain 23d and

source 23s of the driving transistor 23 independently

of the change over time in the Vg-Ids characteristic of

the driving transistor 23. Charges with a magnitude

corresponding to the level of this voltage are stored
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in the capacitor 24 so that the current value of the

write current (current signal) is converted into the

voltage level between the gate 23g and source 23s of

the driving transistor 23. In the subsequent light

emission period, the scan line Xj changes to low level

so that the switch transistor 21 and holding transistor

22 are turned off. The charges on the side of the

lower electrode 24A of the capacitor 24 are confined by

the holding transistor 22 in the OFF state, anda

floating state is set. Hence, even when the voltage of

the source 23s of the driving transistor 23 is

modulated at the time of transition from the selection

period to the light emission period, the potential -
difference between the gate 23g and source 23s of the

driving transistor 23 is maintained. During the light

emission period, the potential of the supply line 2;

and the feed interconnection 90 connected to it equals

the driving feed voltage VH which is higher than the

potential Vcom of the counter electrode 20c of the

organic EL element 20. Hence, a driving current flows

from the supply line 2; and the feed interconnection 90

connected to it to the organic EL element 20 in the

direction of arrow B through the driving transistor 23.

Hence, the organic EL element 20 emits light. The

current value of the driving current depends on the

voltage between the gate 23g and source 23s of the

driving transistor 23. For this reason, the current
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value of the driving current during the light emission

period equals the current value of the write current

(pull-out current) during the selection period.

Another active matrix driving method of the EL

display panel 1 is as follows. As shown in FIG. 14, an

oscillation circuit outputs a clock signal to the feed

interconnections 90 and supply lines Z1] to Zn. The

select driver sequentially outputs a shift pulse of

high level to the scan lines Xj to Xm in this order

(the scan line Xj next to the scan line Xp), thereby

sequentially selecting the scan lines X41 to Xm. While
the select driver is outputting the shift pulse to one

of the scan lines X1 to Xm, the clock signal from the

oscillation circuit changes to low levei. When the

select driver selects the scan lines X1; to Xm, the data

driver supplies a pull-out current (current signal) as

the write current to all the signal lines Yj to Yy

through the source-to-drain paths of the driving

transistors 23. The counter electrode 20c and feed

interconnections 90 are held at the predetermined

common potential Vcom (e.g., ground = OV).

During the selection period of the scan line Xj,

the shift pulse is output to the scan line Xj of the

ith row so that the switch transistor 21 and holding

transistor 22 are turned on. In each selection period,

the potential on the data driver side is equal to or

lower than the clock signal output to the feed =
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interconnections 90 and supply lines 2; to Zm- The low

level of the clock signal is set to be equal to or

lower than the common potential Vcom. At this time, no

current flows from the organic EL elements 20 to the

Signal lines Yj; to Yy,. As shown in FIG. 2, a write

current (pull-out current) having a current value

corresponding to the gray level is supplied from the

data driver to the signal lines Yj to Yn, as indicated

by the arrow A. In the pixel circuit Pj /j, the write

current (pull-out current) to the signal line Y5 flows

from the feed interconnection 90 and supply line Zi

through the source-to-drain path of the driving

transistor 23 and the source-to-drain path of the

Switch transistor 21. The current value of the current

flowing through the source-to-drain path of the driving

transistor 23 is uniquely controlled by the data

driver. The data driver sets the current value of the

write current (pull-out current) in accordance with an

externally input gray level. While the write current

(pull-out current) is flowing, the voltage between the

gate 23g and source 23s of the driving transistor 23 of

each of the pixel circuits Py,4 to Py,, of the ith row

is forcibly set in accordance with the current value of

the write current (pull-out current) flowing to the

Signal lines Yj to Yn, i.e., the current value of the

write current (pull-out current) flowing between the

drain 23d and source 23s of the driving transistor 23
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independently of the change over time in the Vg-Ids

characteristic of the driving transistor 23. Charges

with a magnitude corresponding to the level of this

voltage are stored in the capacitor 24 so that the

current value of the write current (pull-out current)

is converted into the voltage level between the gate

23g and source 23s of the driving transistor 23. [In
the subsequent light emission period, the scan line Xj

changes to low level so that the switch transistor 21

and holding transistor 22 are turned off. The charges

on the side of the lower electrode 24A of the capacitor

24 are confined by the holding transistor 22 in the OFF

state, and a floating state is set. Hence, even when

the voltage of the source 23s of the driving transistor

23 is modulated at the time of transition from the

selection period to the light emission period, the

potential difference between the gate 23g and source

23s of the driving transistor 23 is maintained. Of the

selection period, during a period in which no row is

selected, i.e., the clock signal is at high level, and

the potential of the feed interconnection 90 and supply

line Zi is higher than the potential Vcom of the

counter electrode 20c of the organic EL element 20 and

the feed interconnection 90, the driving current flows

from the feed interconnection 90 and supply line 24

with a higher potential to the organic EL element 20

through the source-to-drain path of the driving
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transistor 23 in the direction of arrow B. Hence, the

organic EL element emits light. The current value of

the driving current depends on the voltage between the

gate 23g and source 23s of the driving transistor 23.

For this reason, the current value of the driving

current during the light emission period equals the

current value of the write current (pull-out current).

during the selection period. Of the selection period,

during a period in which any row is selected, i.e., the

clock signal is at low level, the potential of the feed

interconnection 90 and supply line Z; is equal to or

lower than the potential Vcom of the counter electrode

20c and feed interconnection 90. Hence, no driving

current flows to the organic EL element 20, and thus no

light emission occurs.

In either driving method as described above, the

switch transistor 21 functions to turn on (selection

period) and off (light emission period) of the current —

between the signal line Yj, and the source 23s of the

driving transistor 23. The holding transistor 22

functions to make it possible to supply thecurrent

between the source 23s and drain 23d of the driving

transistor 23 during the selection period and hold the

voltage applied to the gate 23g of the driving

transistor 23 during the light emission period. The

driving transistor 23 functions to drive the organic EL

element 20 by supplying a current having a magnitude
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corresponding to the gray level to the organic EL

element 20.

As described above, the magnitude of the current

flowing to the feed interconnection 90 equals the sum

of the magnitudes of driving currents flowing to the n

organic EL elements 20 connected to the scan line Xj; of

one column. When a selection period to do moving image

driving using pixels for VGA or more is set, the

parasitic capacitance of the feed interconnection 90

increases. The resistance of a thin film such as the

gate or the source/drain of a thin-film transistor is

so high that the write current (i.e. driving current)

cannot be supplied to the n organic EL elements 20. In

this embodiment, the feed interconnections 90 are

formed from a conductive layer different from the

gates, sources and drains of thin-film transistors of

the pixel circuits P1,1 to Pm,n-. For this reason, the

voltage drop by the feed interconnections 90 is small.

Even ina short selection period, the write current

(pull-out current) can sufficiently be supplied without

any delay. Since the resistance of the feed

interconnection 90 is lowered by thickening it, the

feed interconnection 90 can be made narrow. Ina

bottom emission structure, the decrease in pixel

opening ratio can be minimized.

Similarly, the magnitude of the driving current

flowing to the common interconnection 91 during the
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light emission period equals that of the write current

(pull-out current) flowing to the feed interconnection

90 during the selection period. Since a conductive

layer different from the gates, sources and drains of

thin-film transistors of the pixel circuits P14 to

Pm,n 1S connected to the counter electrode 20c, the

common interconnection 91 can be made thick, and its

resistance can be lowered. In addition, even when the

counter electrode 20c itself becomes thin and increases

its resistance, the voltage of the counter electrode

20c can be uniformed in the plane. Hence, even if the

same potential is applied to all the pixel electrodes

20a, the light emission intensities of the organic EL

layers 20b almost equal, and the light emission

intensity in the plane can be uniformed.

When the EL display panel 1 is used as a top

emission type, the counter electrode 20c can be made

thinner. Hence, light emitted from the organic EL

layer 20b hardly attenuates while passing through the

counter electrode 20c. Additionally, since the common

interconnection 91 are provided between the pixel

electrodes 20a adjacent in the horizontal direction

when viewed from the upper side, the decrease in pixel

opening ratio can be minimized. |

The supply lines 21 to Zm are the upper layers of

the signal lines Y} to Yn. In the manufacturing

process of the transistor array substrate 50 and EL
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display panel 1, when the structure is dipped in a

plating solution while a voltage is applied to the

supply lines Z1 to Zp, by using them as an underlayer,

the feed interconnections 90 can begrown on the supply

lines 21 to Zp.

When the EL display panel 1 has pixels

corresponding to WXGA (768 X 1366), the desired width

and sectional area of the feed interconnection 90 and

common interconnection 91 are defined. FIG. 15 is a

graph showing the current vs. voltage characteristic of

the driving transistor 23 and organic EL element 20 of

each of the pixel circuits Pj,1 to Py,n-

Referring to FIG. 15, the ordinate represents the

current value of the write current flowing between the

source 23s and drain 23d of one driving transistor 23

or the current value of the driving current flowing

between the anode and cathode of one organic EL element

20. The abscissa represents the voltage between the

source 23s and drain 23d of one driving transistor 23

(also the voltage between the gate 23g and drain 23d of

one driving transistor 23). Referring to FIG. 15, a

solid line Ids max indicates a write current and

driving current for the highest luminance gray level

(brightest display). A one-dot dash line Ids mid

indicates a write current and driving current for an

intermediate highest luminance gray level between the

highest luminance gray level and the lowest luminance
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gray level. A two-dots dash line Vpo indicates a

threshold value between the unsaturation region (linear

region) and the saturation region of the driving

transistor 23, i.e., the pinch-off voltage. A three-

dots dash line Vds indicates a write current flowing

between the source 23s and drain 23d of the driving

transistor 23. A broken line IEL indicates a driving

current flowing between the anode and cathode of the

organic EL element 20.

A voltage VP1 is the pinch-off voltage of the

driving transistor 23 for the highest luminance gray

level. A voltage VP2 is the source-to-drain voltage of

the driving transistor 23 when a write current for the

highest luminance gray level flows. A voltage VELmax

(voltage VP4 - voltage VP3) is the anode-to-cathode

voltage when the organic EL element 20 emits light by a

driving current of the highest luminance gray level,

which has a current value equal to that of the write

current for the highest luminance gray level. A

voltage VP2' is the source-to-drain voltage of the

driving transistor 23 when a write current for the

intermediate luminance gray level flows. A voltage

(voltage VP4' ~ voltage VP3') is the anode-to-cathode

voltage when the organic EL element 20 emits light by a

driving current of the intermediate luminance gray

level, which has a current value equal to that of the

write current for the intermediate luminance gray
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To drive the driving transistor 23 and organic EL

element 20 in the saturation region, a value VX

obtained by subtracting (the voltage Vcom of the common

interconnection 91 during the light emission period)

from (the driving feed voltage VH of the feed

interconnection 90 during the light emission period)

satisfies

VX = Vpo + Vth + Vm + VEL .-. (2)

where Vth (= VP2 - VP1 for the highest luminance) is

the threshold voltage of the driving transistor 23, VEL

(= VEmax for the highest luminance) is the

anode-to-cathode voltage of the organic EL element 20,

and Vm is an allowable voltage which displaces in

accordance with the gray level.

As is apparent from FIG. 15, the higher the

luminance gray level is, the higher the voltage

(Vpo + Vth) necessary between the source and drain of

the transistor 23 is, and also, the higher the voltage

VEL necessary between the anode and cathode of the

organic EL element 20 is. Hence, the allowable voltage

Vm becomes low as the luminance gray level becomes

high. A minimum allowable voltage Vmin is VP3 - VP2.

The organic EL element 20 generally degrades and

increases its resistance over time no matter whether a

low or high molecular weight EL material. It has been

confirmed that the anode-to-cathode voltage after
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10,000 hrs is about 1.4 to several times that in the

initial state. That is, the voltage VEL rises along

with the elapse of time even when the luminance gray

level does not change. The operation is stable for a

long time when the allowable voltage Vm in the initial

driving state is as high as possible. Hence, the

voltage VX is set such that the voltage VEL becomes 8V

or more and, more preferably, 13V or more.

The allowable voltage Vm includes not only the

increase amount of the resistance of the organic EL

element 20 but also the voltage drop by the feed

interconnection 90.

If the voltage drop is large because of the

interconnection resistance of the feed interconnection

90, the power consumption of the EL display panel 1

considerably increases. Hence, the voltage drop of the

feed interconnection 90 is especially preferably set to

1V or less. When the panel size of the EL display

panel 1 is 32 inches, the current value of one organic

EL element 20 for the maximum luminance gray level is

set to about 5.4 wA to 6.8 WA. For a 40-inch panel,

the current value is set to 8.5 wA to 11.0 WA.

A pixel width Wp as the row-direction length of

one pixel, the number of pixels (1366) in the row

direction, the extension portion from the feed

interconnection 90 to the interconnection terminal 90b

in the non-pixel region on the left side, and the
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extension portion from the feed interconnection 90 to

the interconnection terminal 90c in the non-pixel

region on the right side are taken into consideration.

In this case, the total length of the feed

interconnection 90 is 706.7 mm for the EL display panel

1 with a panel size of 32 inches or 895.2 mm for

40 inches. If a line width WL of the feed

interconnection 90 and common interconnection 91 is

large, the area of the organic EL layer 20b decreases

structurally. In addition, the overlap parasitic

capacitance to other interconnections is also

generated, and the voltage drop becomes larger. To

prevent this, the line width WL of the feed

interconnection 90 and common interconnection 91 is

preferably suppressed to 1/5 or less the pixel width

Wp. In consideration of this, the line width WL of the

feed interconnection 90 and common interconnection 91

is 34 um or less for the EL display panel 1 with a

panel size of 32 inches or 44 um or less for

40 inches. A maximum thickness Hmax of the feed

interconnection 90 and common interconnection 91 is

1.5 times the minimum process size (4 um) of the

transistors 21 to 23, i.e., 6 wm when the aspect ratio

is taken into consideration. A maximum sectional area

Smax of the feed interconnection 90 and common

interconnection 91 is 204 um2 for 32 inches or 264 um2
for 40 inches.
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To make the maximum voltage drop of the feed
interconnection 90 and common interconnection 91 1V or

less when the 32-inch EL display panel 1 is fully

lighted to flow the maximum current, an interconnection

resistivity o/sectional area S of the feed

interconnection 90 and common interconnection 91 must

be set to 4.7 @/cm or less, as shown in FIG. 16.

FIG. 17 shows the correlation between the sectional

area and the current density of the feed
interconnection and common interconnection of the

32-inch EL display panel 1. The resistivity allowed

when the above-described feed interconnection 90 and

common interconnection 91 have the maximum sectional

area Smax is 9.6 uQcm for 32 inches or 6.4 uQem for

40 inches.

To make the maximum voltage drop of the feed

interconnection 90 and common interconnection 91 1V or

less when the 40-inch EL display panel 1 is fully

lighted to flow the maximum current, the
interconnection resistivity o/sectional area S of the

feed interconnection 90 and common interconnection 91

must be set to 2.4 Q/cm or less, as shown in FIG. 18.

FIG. 19 shows the correlation between the sectional

area and the current density of the feed

interconnection and common interconnection of the

40-inch EL display panel 1.

A median time to failure MTF at which the EL
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display panel stops operation due to a failure in the

feed interconnection 90 and common interconnection 91

satisfies

MTF = Aexp(Ea/KpT) / o JZ ... (3)

where Ea is an activation energy, KphT = 8.617 X

1075 ev, p is the resistivity of the feed

interconnection 90 and common interconnection 91, and J

is a current density.

The median time to failure MTF of the feed

interconnection 90 and common interconnection 91 is

determined by an increase in resistivity and

electromigration. When the feed interconnection 90 and
common interconnection 91 are set to an Al-based

material (Al single substance or an alloy such as AITi

or A1Nd), and calculation is done on trial for MTF of

10,000 hrs and an operation temperature of 85, the

current density J must be 2.1 X 104 A/cm2 or less.

When the feed interconnection 930 and common

interconnection 91 are set to Cu, the current density J

must be 2.8 X 106 A/cm2 or less. It is assumed that

materials except Al in an Al alloy have a resistivity

lower than Al.

In consideration of these, in the 32-inch EL

display panel 1, the sectional area S of the Al-based

feed interconnection 90 and common interconnection 91

must be 57 uwm2 or more to prevent any failure in them

in the full lighting state for 10,000 hrs, as is
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apparent from FIG. 17. The sectional area S of the

feed interconnection 90 and common interconnection 91

made of Cu must be 0.43 um? or more, as is apparent

from FIG. 17.

In the 40-inch EL display panel 1, the sectional

area S of the Al-based feed interconnection 90 and

common interconnection 91 must be 92 ume or more to

prevent any failure in them in the full lighting state

for 10,000 hrs, as is apparent from FIG. 19. The |
sectional area S of the feed interconnection 90 and

common interconnection 91 made of Cu must be 0.69 um

or more, as iS apparent from FIG. 19.

In the 32-inch EL display panel 1, the

interconnection resistivity op /sectional area S of the

Al-based feed interconnection 90 and common

interconnection 91 is 4.7 Q/cm or less, as described

‘above, assuming that the resistivity of the Al-based

material is 4.0 pwOcm. Hence, a minimum sectional area

 Smin is 85.1 um, Since the line width WL of the feed

interconnection 90 and common interconnection 91 is

34 wm or less, as described above, a minimum thickness

Hmin of the feed interconnection 90 and common

interconnection 91 is 2.50 um.

In the 40-inch EL display panel 1, the

interconnection resistivity p /sectional area S of the

Al-based feed interconnection 90 and common

interconnection 91 is 2.4 Q/cm or less, as described
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above. Hence, the minimum sectional area Smin is

167 um2. Since the line width WL of the feed

interconnection 90 and common interconnection 91 is

44 um or less, as described above, the minimum

thickness Hmin of the feed interconnection 90 and

common interconnection 91 is 3.80 um.

In the 32-inch EL display panel 1, the

interconnection resistivity o/sectional area S$ of the

feed interconnection 90 and common interconnection 91

made of Cu is 4.7 Q/cm or less, as described above,

assuming that the resistivity of Cu is 2.10 uQem.

Hence, the minimum sectional area Smin is 44.7 m2.

Since the line width WL of the feed interconnection 90

and common interconnection 91 is 34 wm or less, as

described above, the minimum thickness Hmin of the

feed interconnection 90 and common interconnection 91

is 1.31 um.

In the 40-inch EL display panel 1, the

interconnection resistivity p/sectional area S of the

feed interconnection 90 and common interconnection 91

made of Cu is 2.4 Q/cm or less, as described above.

Hence, the minimum sectional area Smin is 87.5 m2.

Since the line width WL of the feed interconnection 90

and common interconnection 91 is 44 wm or less, as

described above, the minimum thickness Hmin of the

feed interconnection 90 and common interconnection. 91

is 1.99 um.
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Hence, to cause the EL display panel 1 to operate

normally at a low power consumption, the voltage drop

in the feed interconnection 90 and common

interconnection 91 is preferably 1V or less. To ensure

such a condition, in a 32-inch panel in which the feed

interconnection 90 and common interconnection 91 are

made of an Al-based material, a thickness H is 2.50 to

6.0 um, the width WL is 14.1 to 34.0 wm, and the

resistivity is 4.0 to 9.6 uQem. In a 40-inch panel in

which the feed interconnection 90 and common

interconnection 91 are made of an Al-based material,

the thickness H is 3.8 to 6.0 um, the width WL is 27.8

to 44.0 um, and the resistivity is 4.0 to 9.6 uwQem.

In general, for the Al-based feed interconnection

90 and common interconnection 91, the thickness H is

2.5 to 6.0 um, the width WL is 14.1 to 44.0 yum, and

the resistivity is 4.0 to 9.6 wQcm.

In a 32-inch panel in which the feed

interconnection 90 and common interconnection 91 are

made of Cu, the thickness H is 1.31 to 6.00 um, the

width WL is 7.45 to 34.0 um, and the resistivity is

2.1 to 9.6 uw Qem. In a 40-inch panel in which the feed
interconnection 90 and common interconnection 91 are

made of Cu, the thickness H is 1.99 to 6.00 um, the

width WL is 14.6 to 44.0 um, and the resistivity is

2.1 to 9.6 uwQcm.

In general, for the feed interconnection 90 and
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common interconnection 91 made of Cu, the thickness H

is 1.31 to 6.00 wm, the width WL is 7.45 to 44.00 um,

and the resistivity is 2.1 to 9.6 uwQen.

Hence, when an Al-based material or Cu is used for

the feed interconnection 90 and common interconnection

91, the feed interconnection 90 and common

interconnection 91 of the EL display panel 1 have the

thickness H of 1.31 to 6.00 um, the width WL of 7.45

to 44.00 wm, and the resistivity of 2.1 to 9.6 wQcm.

[Second Embodiment]

[Overall Arrangement of EL Display Panel]

FIG. 20 is a schematic view showing an EL display

panel 1 of active matrix driving type. As shown in

‘FIG. 20, the EL display panel 1 comprises an insulating

substrate 2, n (a plurality of) signal lines Yj to Yn,

m (a plurality of) scan lines Xj, to Xm, m (a plurality

of) supply lines 2; to 2m, (m X n) pixel circuits P11

to Pan, @ plurality of feed interconnections 90, anda

plurality of common interconnections 91. The

insulating substrate 2 is optically transparent and has

a flexible sheet shape or a rigid plate shape. The

signal lines Yj to Ypn are arrayed on the insulating

substrate 2 in parallel to each other. The scan lines

X1 to Xm are arrayed on the insulating substrate 2 to

be perpendicularly to the signal lines Yj to Yp when

the insulating substrate 2 is viewed from the upper

side. The supply lines 21 to Zm are arrayed on the
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insulating substrate 2 between the scan lines X, to Xp

to be parallel to them so that the supply lines and

scan lines alternate. The pixel circuits P31 to Phin

are arrayed on the insulating substrate 2 in a matrix

along the signal lines Y1 to Yp and scan lines Xj to

Xm. The feed interconnections 90 are connected to the

supply lines Z1] to Z, and branched in parallel to the

signal lines Y1 to Yy, when viewed from the upper side.

The common interconnections 91 are provided between the

feed interconnections 90 to be parailel to them such

that the common interconnections 91 and feed

interconnections 90 alternate.

The sum of the total number of feed

interconnections 90 and the total number of common

interconnections 91 is (n + 1). The feed

interconnection 90 or common interconnection 91 is

provided to partition each of the left and right sides

of each of the pixel circuits P,,/1 to Pm,n in the

running direction of the signal lines Y to Yp.

The feed interconnections 90 are electrically

connected to each other through a lead interconnection

90a arranged on one edge of the insulating substrate 2

and are set to an equipotential by an external clock

signal, as will be described later. The lead

interconnection 90a is connected to interconnection

terminals 90b and 90c at the two ends of the insulating

substrate 2. Since an equipotential is applied from an
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external driving circuit to the left terminals 90b and

90c, a current can quickly be supplied to all the feed

interconnections 90. The lead interconnection 90a also

functions as a partition wall to partition, in film

formation, organic EL layers 20b together with the feed
interconnections 90 and common interconnections 91, as

will be described later.

The common interconnections 91 are connected to

each other through a lead interconnection 9la arranged

on another edge of the insulating substrate 2 on the

opposite side of the edge with the interconnection 90a.

A common voltage Vcom is applied to the common

interconnections 91. The lead interconnections 9la

also function as partition walls to partition, in film

formation, the organic EL layers 20b together with the

feed interconnections 90 and common interconnections

91, as will be described later.

In the following description, the direction in

which the signal lines Yj to Yn, run will be defined as

the vertical direction (column direction), and the

Girection in which the scan lines Xj, to Xm run will be

defined as the horizontal direction (row direction).

In addition, m and n are natural numbers (m 2 2,

n 2 2). The subscript added to a scan line X

represents the sequence from the top in FIG. 20. The

subscript added to a supply line Z represents the

sequence from the top in FIG. 20. The subscript added
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to a signal line Y represents the sequence from the

left in FIG. 20. The first subscript added to a pixel

circuit P represents the sequence from the top, and the

second subscript represents the sequence from the left.

More specifically, let i be an arbitrary natural number

of 1 tom, and j be an arbitrary natural number of 1 to

n, a scan line X; is the ith row from the top, a supply

line Z; is the ith row from the top, a signal line Y¥

is the jth column from the left, and a pixel circuit

Pi,j is located on the ith row from the top and the jth

column from the left. The pixel circuit P;,4 is

connected to the scan line Xj, supply line 2;, and

signal line Y3-

In the EL display panel 1, regions partitioned in.

a matrix by the scan lines Xj} to Xm and signal lines Yj

to Yn form pixels. Each of the pixel circuits Pj1,j1 to

Pm,n is provided in one region.

[Circuit Arrangement of Pixel Circuit]

The pixel circuits P,,1 to Pm,n have the same

structure. The arbitrary pixel circuit Pi,4 of the

pixel circuits P1,1 to Pm,n will be described. FIG. 21

is an equivalent circuit diagram of the pixel

circuit Pi,j- FIG. 22 is a plan view mainly showing

the electrodes of the pixel circuit Pj,4 and pixel

circuit Pi, 441-

The pixel circuit Pi,j comprises an organic EL

element 20 serving as a pixel, and a switch transistor
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21, holding transistor 22, driving transistor 23, and

capacitor 24 which are arranged around the organic EL

element 20.

As shown in FIG. 21, in the switch transistor 21

of the pixel circuit Pi,4, a source 21s is electrically

connected to the signal line Y5- A drain 21d of the

transistor 21 is electrically connected to a pixel

electrode 20a of the organic EL element 20, a source

23s of the driving transistor 23, and one electrode 24B

of the capacitor 24. A gate 21g of the transistor 21

is electrically connected to the scan line Xj and a

gate 22g of the holding transistor 22.

In the holding transistor 22, a source 22s is

electrically connected to a gate 23g of the driving

transistor 23 and the other electrode 24A of the

capacitor 24. A drain 22d is electrically connected to

the supply line 2; and a drain 23d of the driving

transistor 23. The gate 22g of the transistor 23 is

electrically connected to the gate 21g of the switch
transistor 21 and the scan line Xj.

In the driving transistor 23, the source 23s is

electrically connected to the pixel electrode 20a of

the organic EL element 20, the drain 21d of the switch

transistor 21, and the electrode 24B of the capacitor

24. The drain 23d of the transistor 23 is electrically

connected to the supply line 24 and the drain 22d of

the holding transistor 22. The gate 23g of the same
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transistor is electrically connected to the source 22s

of the holding transistor 22 and the electrode 24A of

the capacitor 24. .

The entire EL display panel 1 is viewed from the

upper side, and a focus is placed on only the switch

transistors 21 of the pixel circuits P,,1 to Pm,n- The

plurality of switch transistors 21 are arrayed ina

matrix on the insulating substrate 2. When a focus is

placed on only the holding transistors 22 of the pixel

circuits P,,1 to Pm,n when viewed from the upper side,

the plurality of holding transistors 22 are arrayed in

a matrix on the insulating substrate 2. When a focus

is placed on only the driving transistors 23 of the

pixel circuits P1,j1 to Pm,n when viewed from the upper

side, the plurality of driving transistors 23 are

arrayed in a matrix on the insulating substrate 2.

{Layer Structure of EL Display Panel]

The layer structure of the EL display panel 1 will

be described. The layer structure of the transistors
21 to 23 will be described first.

FIG. 23 is a sectional view of the driving

transistor 23. As shown in FIG. 23, the driving

transistor 23 includes the gate 23g, gate insulating

film 31, semiconductor film 23c, channel protective

film 23p, impurity-doped semiconductor films 23a and

23b, drain 23d, and source 23s. The gate 23g is formed

on the insulating substrate 2. The gate insulating
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film 31 is formed on the gate 23g and substrate 2. The

semiconductor film 23c is formed on the gate insulating

film 31. The channel protective film 23p is formed on

the central portion of the semiconductor film 23c. The

impurity-doped semiconductor films 23a and 23b are

formed on opposite ends of the semiconductor film 23c

to be spaced apart from each other and partially

overlap the channel protective film 23p. The drain 23d

is formed on the impurity-doped semiconductor film 23a.

The source 23s is formed on the impurity-doped

semiconductor film 23b. The drain 23d and source 23s

can have either a single-layer structure or a layered
structure including two or more layers.

The switch transistor 21 and holding transistor 22

also have the same layer structure as the driving

transistor 23, and a description of their sectional

views will be omitted.

The relationship between the layers of the

transistors 21 to 23 and the capacitor 24, the signal

lines Y1 to Yyp, the scan lines X, to Xm, and the supply

lines 21 to 2m will be described next with reference to

FIGS. 23 to 25. FIG. 24 is a sectional view taken

along a line XXIV - XXIV in FIG. 22 in the direction of

thickness of the insulating substrate 2. FIG. 25 is a

sectional view taken along a line XXV - XXV in FIG. 22

in the direction of thickness of the insulating

substrate 2.
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As shown in FIGS. 23 to 25, the gates 21g of the

switch transistors 21, the gates 22g of the holding

transistors 22, the gates 23g of the driving

transistors 23, the electrodes 24A of the capacitors

24, and the signal lines Yj] to Ypy, are simultaneously

formed, using photolithography and etching, by

patterning a conductive film formed on the entire

surface of the insulating substrate 2. The signal

lines Yj to Yp are interconnections to which a gray

level current signal having a current value

corresponding to the display gray level flows.

The gate insulating film 31 is formed on the
entire surface as a film common to all the switch

transistors 21, holding transistors 22, and driving

transistors 23. The gate insulating film 31 also

serves as a dielectric film inserted between the lower

electrode 24A and upper electrode 24B of the capacitor

24 and covers the signal lines Y1 to Yn. A protective

film 35a formed by patterning a film as the prospective

semiconductor films 23c is provided on each of the

signal lines Yy to Yn. A protective film 35b formed by

patterning a film as the prospective impurity-doped

semiconductor films 23a and 23b is formed on the

protective film 35a. The protective films 35a and 35b

protect the signal lines Yzy to Y, from any short

circuit formed with any one of the scan lines Xj to Xp

or any one of the supply lines 21 to Zp, through
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pinholes formed in the gate insulating film 31.

The drains 21d and sources 21s of the switch

transistors 21, the drains 22d and sources 22s of the

holding transistors 22, the drains 23d and sources 23s

of. the driving transistors 23, the electrodes 24B of

the capacitors 24, the scan lines Xj, to Xm, and the

supply lines 21 to Z, are formed by, using

photolithography and etching, by patterning a

conductive film formed on the entire surface of the

gate insulating film 31. As shown in FIG. 22, the scan

line X; is electrically connected to a contact portion

Cl, which is connected to the gate 21g of the switch

transistor 21 and the gate 22g of the holding

transistor 22, through a contact hole 92 formed in the

gate insulating film 31. The signal line Y,5 is

electrically connected to the source 21s of the switch

transistor 21 through a contact hole 94 formed in the

gate insulating film 31. The source 22s of the holding

transistor 22 is electrically connected to a contact

portion C3, which is connected to the gate 23g of the.

driving transistor 23, through a contact hole 93 formed

in the gate insulating film 31.

As shown in FIGS. 23 to 25, the switch transistors

21, holding transistors 22, driving transistors 23,

scan lines Xj to Xm, and supply lines 21 to 4m are

covered with a protective insulating film 32 formed on

the entire surface. The protective insulating film 32
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is made of silicon nitride or silicon oxide and

insulates and protects the transistors 21 to 23, scan.

lines Xi; to Xm, and supply lines 21 to Zp.

A planarization film 33 is formed on the

protective insulating film 32 so that the

three-dimensional pattern of the switch transistors 21,

holding transistors 22, driving transistors 23, scan

lines X, to Xm, and supply lines 2, to Zp, is eliminated

by the planarization film 33. That is, the surface of

the planarization film 33 is flat. The planarization

film 33 is formed by hardening a resin such as

polyimide.

The layered structure from the insulating

substrate 2 to the planarization film 33 is called a

transistor array substrate 50. In the transistor array

substrate 50, the switch transistors 21, holding

transistors 22, and driving transistors 23 are arrayed

in a matrix when viewed from the upper side. }
To use the EL display panel 1 as a bottom emission

type, i.e., to use the insulating substrate 2 as the

display screen by outputting light from the organic EL

elements 20 from the insulating substrate 2,

transparent materials are used for the gate insulating

film 31, protective insulating film 32, and

planarization film 33.

The layer structure formed on the surface of the

transistor array substrate 50 will be described next.
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The pixel electrodes 20a are arrayed in a matrix on the

surface of the transistor array substrate 50, i.e., the

surface of the planarization film 33 in correspondence

with the pixel circuits P,,1 to Pm,n- When viewed from

the upper side, the pixel electrode 20a of the pixel

circuit Pig is formed in a region divided partitioned

by the adjacent scan line X; and supply line Z4 and the

adjacent signal line Y¥ and signal line Yj+1- The

pixel electrode 20a is electrically connected to the

electrode 24B of the capacitor 24, the drain 21d of the

switch transistor 21, and the source 23s of the driving

transistor 23 through contact holes formed in the

Planarization film 33 and protective insulating

film 32. |

The pixel electrode 20a is an electrode

functioning as the anode of the organic EL element 20.

More specifically, the work function of the pixel

electrode 20a is preferably relatively high so that

holes can efficiently be injected in the organic EL

layer 20b (to be described later). The pixel electrode

20a has a transparency to visible light. As the pixel

electrode 20a, for example, a metal oxide containing,

e.g., indium tin oxide (ITO), indium zinc oxide, indium

oxide (In3703), tin oxide (SnO3), zinc oxide (ZnO), or

cadmium tin oxide (CTO) as the major component can be

used.

To use the EL display panel 1 as a top emission
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type, i.e., to use the opposite side of the insulating

substrate 2 as the display screen, a reflecting film

having conductivity and high visible light reflectance

is preferably formed between the pixel electrode 20a

and the planarization film 33.

The pixel electrodes 20a are formed, using

photolithography and etching, by patterning a

transparent conductive film formed on the entire

surface of the planarization film 33. Between the

pixel electrodes 20a adjacent in the horizontal

direction, conductive lines 51 which are electrically

disconnected from the pixel electrodes 20a and run in

the vertical direction are patterned on alternate

columns, like the feed interconnections 90, in

correspondence with the signal lines Y(4-2k), ---,

Y (4-2), Yor Yoq+2), +--+, (k is a natural number). The

conductive lines 51 are patterned together with the

pixel electrodes 20a by etching a transparent

conductive film as the prospective pixel electrodes

20a. A plurality of trench-shaped insulating lines 57

long in the vertical direction are formed on left

and right edge portions of the conductive lines 51.

The feed interconnections 90 are formed on the

conductive lines 51 exposed between the adjacent

insulating lines 57.

Between the pixel electrodes 20a adjacent in the

horizontal direction, conductive lines 52 which are
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electrically disconnected from the pixel electrodes 20a

and run in the vertical direction are patterned on

alternate columns, like the common interconnections 91,

in correspondence with the signal lines Y(4-2k+1), --+5

Y(j-1)° Yc341): Y(5+3)0 ..-, (k is a natural number).
The both sides of the insulating films 52 partially

overlap the edge portions of the pixel electrodes 20a

to increase the opening ratio. However, they may not

overlap the edge portions of the pixel electrodes 20a.

Of the insulating films 52, the insulating films 52

which do not overlap the conductive lines 51 have the

common interconnections 91 formed thereon.

The feed interconnections 90 are much thicker than

the insulating films 52 and rise from the insulating

films 52. The feed interconnections 90 are formed by

electroplating and are therefore much thicker than the

signal lines Yj to Yp, scan lines Xj to Xp, supply

lines Z, to Zn, and the gates, sources, and drains of -

the transistors 21 to 23. As shown in FIGS. 22 and 25,

contact holes 53 are formed in the planarization film

33 and protective insulating film 32 at portions where

the feed interconnections 90 and supply lines Z1 to 2m

cross when viewed from the upper side. Conductive pads

58 are buried in the contact holes 53. The conductive

line 51 and feed interconnection 90 are sequentially

stacked on the conductive pad 58. Hence, as shown in

the circuit diagram of FIG. 21, the feed

LG Display Co., Ltd.
Exhibit 1002

Page 303



LG Display Co., Ltd. 
Exhibit 1002 

Page 304

10

15

20

25

- 74 -

interconnection 90 is electrically connected to the

supply lines Z 1 to 2, through contact portions C2 and
also electrically connected to the drains 22d and 23d

of the transistors 22 and 23 of the pixel circuits Pi,j4

to Pjy,n through the supply line 2;. The conductive pad

58 in the contact hole 53 is formed by electroplating.

Since the common interconnections 91 are also

formed by electroplating together with the feed

interconnections 90, they are much thicker than the

signal lines Yj to Ypy, the scan lines Xj to Xp, the

supply lines 21 to Zn, and the gates, sources, and

drains of the transistors 21 to 23. The common

interconnections 91 and feed interconnections is made

of copper, gold, or nickel, or a layered body thereof.

A liquid repellent insulating film 54 having water

repellency and/or oil repellency is formed on the

surface of each feed interconnection 90. The liguid

repellent insulating films 54 are made of a

fluoroplastic electrodeposition coating and formed by

electrodeposition coating.

A liquid repellent conductive film 55 having water

repellency and/or oil repellency is formed on the

surface of each common interconnection 91. The liquid

repellent conductive films 55 are formed by reducing

and eliminating hydrogen atoms (H) of one or two

mercapto groups (-SH: also called a thiol group) of
triazyl-trithiol expressed by chemical formula (1), and
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oxidizing and adsorbing sulfur atoms (S) in the

surfaces of the common interconnections 91 as a metal.

J
i SSJL

S N SH

N

H

In the liquid repellent conductive film 55,

triazyl-trithiol molecule units are formed very thin on

the surface of the common interconnection 91. For this

reason, the liquid repellent conductive film 55 has a

very low resistance in the direction of thickness and

rarely has insulating properties. To make the water

repellency and oil repellency more effective, a

triazinethiol derivative in which an alkyl fluoride

group substitute for one or two mercapto groups of

triazyl-trithiol may be used in place of

triazyl-trithiol. Such a triazyl compound can

selectively be coated and bonded to a metal like the
liquid repellent conductive film 55. More

specifically, an aqueous solution of

6-dimethylamino-1,3,5-triazine-2, and 4-dithiol-sodium

salt is prepared at a concentration of 10-3 mol/L.

When the common interconnection 91 is dipped in the

aqueous solution at a liquid temperature of 26C for a

dipping time of 30 min, the liquid repellent conductive

film 55 having a thickness of about 0.7 nm is formed on
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the surface of the common interconnection 91 (the

thickness is a measured value by ellipsometer).

Alternatively, an aqueous solution of

6-didodecylamino-1, 3, 5-triazine-2, and 4-dithiol-sodium

salt is prepared at a concentration of 10-3 mol/L.

When the common interconnection 91 is dipped in the

aqueous solution at a liquid temperature of 46C for a

dipping time of 30 min, the liquid repellent conductive

film 55 having a thickness of about 1.8 nm is formed on

the surface of the common interconnection 91 (the

thickness is a measured value by ellipsometer).

FIG. 26 is a view schematically showing the

coating structure of the liquid repellent conductive
film 55. Referring to FIG. 26, a substituent R is,

e.g., dimethylamino or didodecylamino.

The organic EL layer 20b of the organic EL element
20 is formed on the pixel electrode 20a. The organic

EL layer 20b is a light-emitting layer of broad sense.

The organic EL layer 20b contains a light-emitting

material (phosphor) as an organic compound. The

organic EL layer 20b has a two-layer structure in which

a hole transport layer and a light-emitting layer of

narrow sense are formed sequentially from the pixel

electrode 20a. The hole transport layer is made of

PEDOT (polythiophene) as a conductive polymer and PSS

(polystyrene sulfonate) as a dopant. The

light-emitting layer of narrow sense is made of a
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polyfluorene-based light-emitting material.

The organic EL layer 20b is formed by wet coating

(e.g., ink-jet method) after coating of the liquid

repellent insulating film 54 and liquid repellent

conductive film 55. In this case, an organic

compound-containing solution containing an organic

compound as the prospective organic EL layer 20b is

applied to the pixel electrode 20a. The liquid level

of the organic compound-containing solution is higher

than the top of the insulating line 52 and that of the

insulating line 57. The thick feed interconnection 90

and common interconnection 91 whose top is much higher

than those of the insulating line 52 and insulating

line 57 are provided between the pixel electrodes 20a

adjacent in the horizontal direction. The feed

interconnection 90 and common interconnection 91

prevent the organic compound-containing solution

applied to a pixel electrode 20a from leaking to the

pixel electrodes 20a adjacent in the horizontal

direction. In addition, the feed interconnection 90 is

coated with the liquid repellent insulating film 54

having the water repellency and/or oil repellency. The

common interconnection 91 is coated with the liquid

repellent conductive film 55 having water repellency

and/or oil repellency. The liquid repellent insulating

film 54 and liquid repellent conductive film 55 repel

the organic compound-containing solution applied to the
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pixel electrode 20a. The organic compound-containing

solution applied to the pixel electrode 20a is never

deposited excessively thick near the edge of the

insulating line 52 as compared to the center of the

pixel electrode 20a. Hence, the organic EL layer 20b

formed by drying the organic compound-containing

solution can have a uniform thickness.

When the organic EL layers 20b are formed in the

above-described way, a stripe structure including a

region R where the organic EBL layer 20b to emit red

light, a region G where the organic EL layer 20b to

emit green light, and a region B where the organic EL

layer 20b to emit blue light is formed, as shown in

FIG. 27. A plurality of pixels in the same column emit

light of the same color.

When viewed from the upper side, the applied

organic compound-containing solution is uniformly

distributed vertically in each column because its left

and right sides are partitioned by the feed

interconnection 90 or common interconnection 91.

Hence, the plurality of organic EL layers 20b arrayed

in the vertical direction have the same layer structure

and emit light of the same color. In the plurality of

organic EL layers 20b arrayed in line in the horizontal

direction, the light-emitting layers of narrow sense

are arrayed to sequentially repeat red light emission,

green light emission, and blue light emission. The
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hole transport layers of pixels that emit light of

different colors may use the same material.

The organic EL layer 20b need not always have the

two-layer structure. A three-layer structure including

a hole transport layer, a light-emitting layer of

narrow sense, and an electron transport layer

sequentially from the pixel electrode 20a may be

employed. A single-layer structure including a

light-emitting layer of narrow sense may be used. A
layered structure having an electron or hole injection

layer inserted between appropriate layers in one of the

above layer structures may be employed. Any other

layered structures can also be used.

A counter electrode 20c functioning as the cathode

of the organic EL element 20 is formed on the organic

EL layer 20b. The counter electrode 20c is a common

electrode commonly formed for all pixels. The counter

electrode 20c formed on the entire surface covers the

common interconnection 91 while sandwiching the liquid

repellent conductive film 55 between them and the feed

interconnection 90 while sandwiching the liquid

repellent insulating film 54. For this reason, the

counter electrode 20c is electrically connected to the

common interconnection 91, as shown in the circuit

diagram of FIG. 21. To the contrary, the counter

electrode 20c is insulated from the feed

interconnection 90.
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As shown in FIGS. 23 to 25, the counter electrode

20c is formed from a material having a work function

lower than the pixel electrode 20a. The counter

electrode 20c is preferably made of, e.g., a single

substance selected from magnesium, calcium, lithium,

barium, indium, and a rare earth metal, or an alloy

containing at least one of these single substances.

The counter electrode 20c may have a layered structure

in which the layers of various kinds of materials

described above are stacked, or a layered structure in

which a metal layer hard to oxidize is deposited in

addition to the layers of various kinds of materials

described above to lower the sheet resistance. More

specifically, a layered structure including a highly

pure barium layer having a low work function and

provided on the interface side contacting the organic

EL layer 20b, and an aluminum layer provided to cover

the barium layer, or a layered structure including a

lithium layer on the lower side and an aluminum layer

on the upper side can be used. In a top emission

structure, the counter electrode 20c may be a

transparent electrode having the above-described thin

film with a low work function and a transparent

conductive film made of, e.g., ITO on the thin film.

A sealing insulating film 56 is formed on the

counter electrode 20c. The sealing insulating film 56

is an inorganic or organic filmprovided to cover the
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entire counter electrode 20c to prevent its

degradation.

Conventionally, in an EL display panel having a

top emission structure, at least part of the counter

electrode 20c is formed as a transparent electrode made

of, e.g., a metal oxide having a sufficiently high

resistance value. The sheet resistance cannot be

sufficient low unless the material is sufficiently

thick. When the material is thick, the transmission of

the organic EL element inevitably decreases. The

larger the screen becomes, the harder a uniform

potential is obtained in a plane. Hence, the display

characteristic degrades. In this embodiment, however,

the plurality of common interconnections 91 with a low

resistance are provided of obtain a sufficient

thickness in the vertical direction. Hence, the sheet

resistance value of the entire cathode electrodes of

the organic EL elements 20 can be decreased together

with the counter electrode 20c so that a sufficient

large current can be supplied uniformly in a plane. In

this structure, the common interconnections 91 reduces

the sheet resistance of the cathode electrode. For

this reason, the transmittance can be increased by

forming the counter electrode 20c thin. In a top

emission structure, the pixel electrode 20a may be made

of a reflecting material.
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{EL Display Panel Driving Method]

The EL display panel 1 can be driven by the active

matrix method in the following way. As shown in
FIG. 28, an oscillation circuit outputs a clock signal

to the feed interconnections 90 and supply lines 21 to

Zm- A scan-side driver sequentially outputs a shift

pulse of high level to the scan lines Xj to Xp in this

order (the scan line Xj next to the scan line Xp),

thereby sequentially selecting the scan lines X1 to Xp.

While the scan-side driver is outputting the shift

pulse to one of the scan lines Xz to Xm, the clock

signal from the oscillation circuit changes to low

level. When the scan-side driver selects the scan

lines Xj; to Xm, a data-side driver supplies a pull-out

current (current signal) as the write current to all

the signal lines Yj to Yy, through the source-to-drain

paths of the driving transistors 23. The counter

electrode 20c and feed interconnections 90 are heid

at the predetermined common voltage Vcom (e.g.,

ground = OV).

During the selection period of the scan line Xj,

the shift pulse is output to the scan line Xj; of the

ith row so that the switch transistor 21 and holding

transistor 22 are turned on. In each selection period,

the potential on the data-~side driver side is equal to

or lower than the clock Signal output to the feed

interconnections 90 and supply lines 21 to Z,. The low
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level of the clock signal is set to be equal to or

lower than the common voltage Vcom. At this time, no

current flows from the organic EL elements 20 to the

signal lines Yj to Ypy. As shown in FIG. 21, a write
current (pull-out current) having a current value

corresponding to the gray level is supplied from the

data-side driver to the signal lines Yj to Yy, as

indicated by an arrow A. In the pixel circuit Pi,je

the write current (pull-out current) to the signal line

Y5 flows from the feed interconnection 90 and supply

line 2; through the source-to-drain path of the driving

transistor 23 and the source-to-drain path of the

switch transistor 21. The current value of the current

flowing through the source-to-drain path of the driving

transistor 23 is uniquely controlled by the data-side
driver. The data-side driver sets the current value of

the write current (pull-out current) in accordance with

an externally input gray level. While the write

current (pull-out current) is flowing, the voltage

between the gate 23g and source 23s of the driving

transistor 23 of each of the pixel circuits Pj,1 to

Pi,n Of the ith row is forcibly set in accordance with

the current value of the write current (pull-out

current) flowing to the signal lines Yj} to Yn, i.e.,

the current value of the write current (pull-out

current) flowing between the drain 23d and source 235

of the driving transistor 23 independently of the
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change over time in the Vg-Ids characteristic of the

driving transistor 23. Charges with a magnitude

corresponding to the level of this voltage are stored

in the capacitor 24 so that the current value of the

write current (pull-out current) is converted into the

voltage level between the gate 23g and source 23s of

the third transistor 23. In the subsequent light

emission period, the scan line Xj; changes to low level

so that the switch transistor 21 and holding transistor

22 are turned off. The charges on the side of the

electrode 24A of the capacitor 24 are confined by the

holding transistor 22 in the OFF state, and a floating

state is set. Hence, even when the voltage of the

source 23s of the transistor 23 is modulated at the

time of transition from the selection period to the

light emission period, the potential difference between

the gate 23g and source 23s of the transistor 23 is

maintained. Of the selection period, during a period

in which no row is selected, i.e., the clock signal is

at high level, and the potential of the feed

interconnection 90 and supply line 2; is higher than

the potential Vcom of the counter electrode 20c of the

organic EL element 20 and the feed interconnection 90,

the driving current flows from the feed interconnection

90 and supply line 2; with a higher potential to the

Organic EL element 20 through the source-to-drain path

of the driving transistor 23 in the direction of arrow
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B. Hence, the organic EL element emits light. The

current value of the driving current depends on the

voltage between the gate 23g and source 23s of the

driving transistor 23. For this reason, the current

value of the driving current during the light emission

period equals the current value of the write current

(pull-out current) during the selection period. Of the

selection period, during a period in which any row is

selected, i.e., the clock signal is at low level, the

potential of the feed interconnection 90 and supply

line 2; is equal to or lower than the potential Vcom of

the counter electrode 20c and feed interconnection 90.

Hence, no driving current flows to the organic EL

element 20, and no light emission occurs.

More specifically, during the selection period,

the switch transistor 21 forms a current path to flow

the write current (pull-out current) between the signal

line Yj and the source 23s of the driving transistor

23. The holding transistor 22 forms a current path to

flow the write current (pull-out current) between the

feed interconnection 90 and the drain 23d of the

driving transistor 23.

During the light emission period, the switch

transistor 21 closes the current path not to flow the

driving current from the source 23s of the driving

transistor 23 to the signal line Y3- The holding

transistor 22 holds the voltage between the gate 23g
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and source 23s of the transistor 23 to make the current

value of the driving current constant. When the supply

line Z; and feed interconnection 90 change to high

level during the light emission period, the driving

transistor 23 supplies a current having a magnitude

corresponding to the gray level to the organic EL

element 20 to drive it in accordance with charges

stored between the gate 23g and source 23s during the

selection period.

[First Modification]

The present invention is not limited to the

above-described embodiments, and various changes and

modifications can be made without departing from the

spirit and scope of the present invention.

In the above embodiments, the first to third

transistors 21 to 23 have been explained as N-channel

field effect transistors. The transistors 21 to 23 may
be P-channel field effect transistors. In this case,

the relationship between the sources 21s, 22s, and 23s

of the transistors 21 to 23 and the drains 21d, 22d,

and 23d of the transistors 21 to 23 is reversed in the

circuit diagram shown in FIG. 2. For example, when the

driving transistor 23 is a P-channel field effect

transistor, the drain 23d of the driving transistor 23

is electrically connected to the pixel electrode 20a of

the organic EL element 20. The source 23s is

electrically connected to the supply line 2Zj.
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[Second Modification]

In the above-described embodiments, the three

transistors 21 to 23 are provided per pixel. The

present invention can be applied to any EL display

panel having a driving transistor whose source or drain

is connected to an organic EL element independently of

the number of transistors and whether the panel is

current-driven or voltage-driven.

[Third Modification]

When the transistors 21 to 23 are P-channel field

effect transistors, the relationship between the

sources 21s, 22s, and 23s of the transistors 21 to 23

and the drains 21d, 22d, and 23d of the transistors 21

to 23 is reversed in the circuit diagram shown in

FIG. 2, as described above. In addition, the high and

low levels of each signal are reversed. |

[Fourth Modification]

In the above-described embodiments, the drain 22d

of each holding transistor 22 is connected to one of

the supply lines 21 to Z2,. However, the present

invention is not limited to this. The drain 22d of the

holding transistor 22 of each of the pixel circuits

Pi,1, Pi,2, Pi,3r +++, Pi,n may be connected to the

scan line Xj.

[Fifth Modification]

In the above-described embodiments, the write feed

voltage VL serving as the write current and the driving
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feed voltage VH serving as the driving current are

supplied from both of the interconnection terminalis 90b

and 90c to each feed interconnection 90 to decrease the

voltage drop in the feed interconnection 90. If the

design tolerates a large voltage drop, the voltages may

be supplied from only one of the interconnection

terminals 90b and 90c.

[Sixth Modification]

In the above-described embodiments, the first to

third transistors 21 to 23 are amorphous silicon

transistors. However, the transistors may be made of

polysilicon, or any other semiconductor.

[Seventh Modification]

In the second embodiment, the liquid repellent

insulating film 54 is formed on the surface of each

feed interconnection 90. However, the present

invention is not limited to this. Instead of providing

the liquid repellent insulating film 54, the liquid

repellent conductive film 55 may be formed not only on

each common interconnection 91 but also on the surface

of each feed interconnection 90. At least one layer of

the organic EL layer 20b is formed by using the common

interconnection 91 and feed interconnection 90 as

liquid repellent partition walls. Then, the counter

electrode 20c is formed on the surfaces of the organic

EL layers 20b and common interconnections 91 except the

surfaces of the feed interconnections 90.
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A plurality of modifications described above may

be combined if a consistency can be ensured.
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WHAT IS CLAIMED IS:

1. A transistor array substrate comprising:

a substrate;

a plurality of driving transistors which are

arrayed ina matrix on the substrate, each of the

driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of said plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of said plurality

of driving transistors and arrayed to cross said

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

formed on said plurality of supply lines along said

plurality of supply lines, respectively.

2. A substrate according to claim 1, further

comprising a plurality of scan lines which are

patterned together with the sources and drains of said

plurality of driving transistors and arrayed to cross

said plurality of supply lines via the gate insulating
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3. A substrate according to claim 2, which

further comprises a plurality of switch transistors

which are arrayed in a matrix on the substrate, each of

the switch transistors having the gate insulating film

inserted between a gate and a source and drain, and

in which one of the source and drain of each of

said plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of said plurality of driving

transistors,

the gate of each of said plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and

said other of the source and drain of each of said

plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film.

4. A substrate according to claim 2, which

further comprises a plurality of holding transistors

which are arrayed in a matrix on the substrate, each of

the holding transistors having the gate insulating film

inserted between a gate and a source and drain, and

in which one of the source and drain of each of

said plurality of holding transistors is electrically

connected to the gate of a corresponding one of said
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plurality of driving transistors through a contact hole

formed in the gate insulating film,

the other of the source and drain of each of said

plurality of holding transistors is electrically

connected to one of the supply line and the scan line,

and

the gate of each of said plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film.

5. A substrate according to claim 1, further

comprising a plurality of light-emitting elements each

of which is connected to one of the source and drain of

the driving transistor.

6. A substrate according to claim 1, further

comprising a data driver which supplies a write current

between the gate and source of the driving transistor

through the supply line.

7. A substrate according to claim 1, further

comprising a select driver which selects the scan line

and turns on the switch transistor.

8. A substrate according to claim 1, further

comprising a feed driver which is connected to the feed

interconnection to apply a write feed voltage to supply

a write current to the driving transistor through the

feed interconnection in a selection period and apply a

driving feed voltage to supply a driving current toa
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light-emitting element through the driving transistor

in a light emission period in accordance with a voltage
which is held between the gate and source of the

driving transistor in the selection period.

9. A substrate according to claim 1, wherein

the feed interconnection has a thickness of 1.31

to 6.00 um.

10. A substrate according to claim 1, wherein the

feed interconnection has a width of 7.45 to 4.4.00 um.

11. A substrate according to claim 1, wherein

a resistivity of the feed interconnection is 2.1

to 9.6 pw Qem.

12. A substrate according to claim 1, which

further comprising a plurality of light-emitting

elements each of which has a pixel electrode, an EL

layer, and a counter electrode and is electrically

connected to the driving transistor, and

in which the feed interconnections are formed by

patterning a material film different from a material

film as a prospective pixel electrode and a material

film serving as a prospective counter electrode and is

thicker than the gate of the driving transistor and the

source and drain of the driving transistor.

13. A display panel comprising:

a substrate;

a plurality of driving transistors which are

arrayed in amatrix on the substrate, each of the
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driving transistors having a gate, a source, a drain,

and a gate insulating film inserted between the gate,

and the source and drain;

a plurality of signal lines which are patterned

together with the gates of said plurality of driving

transistors and arrayed to run in a predetermined

direction on the substrate;

a plurality of supply lines which are patterned

together with the sources and drains of said plurality

of driving transistors and arrayed to cross said

plurality of signal lines via the gate insulating film,

each of the supply lines being electrically connected

to one of the source and the drain of the driving

transistor; and

a plurality of feed interconnections which are

connected to said plurality of supply lines along said

plurality of supply lines;

a plurality of pixel electrodes each of which is

electrically connected to the other of the source and

the drain of each of said plurality of driving

transistors;

a plurality of light-emitting layers which are
formed on said plurality of pixel electrodes,

respectively; and

a counter electrode which covers said plurality of

light-emitting layers.

14. A panel according to claim 13, further
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comprising a plurality of scan lines which are

patterned together with the sources and drains of said

plurality of driving transistors and arrayed to cross

said plurality of supply lines via the gate insulating

film.

| 15. A panel according to claim 14, which further

comprises a plurality of switch transistors which are

arrayed in a matrix on the substrate, each of the

switch transistors having the gate insulating film

inserted between a gate, and a source and drain, and

in which one of the source and drain of each of

said plurality of switch transistors is electrically

connected to the other of the source and drain of a

corresponding one of said plurality of driving

transistors,

the gate of each of said plurality of switch

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating

film, and

said other of the source and drain of each of said

plurality of switch transistors is electrically

connected to the signal line through a contact hole

formed in the gate insulating film.

16. A panel according to claim 14, which further

comprises a plurality of holding transistors which are

arrayed in a matrix on the substrate, each of the

holding transistors having the gate insulating film
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inserted between a gate, and a source and drain, and

in which one of the source and drain of each of

said plurality of holding transistors is electrically

connected to the gate of a corresponding one of said

plurality of driving transistors through a contact hole

formed in the gate insulating film,

the other of the source and drain of each of said

plurality of holding transistors is electrically

connected to one of the supply line and the scan line,

and

the gate of each of said plurality of holding

transistors is electrically connected to the scan line

through a contact hole formed in the gate insulating
film.

17. A panel according to claim 13, wherein the

feed interconnections are formed by patterning a

material film different from a material film serving as

a prospective pixel electrode and a material film

serving as a prospective counter electrode and is

thicker than the gate of the driving transistor and the

source and drain of the driving transistor.

18. A display panel manufacturing method

comprising:

patterning a plurality of pixel electrodes ona

panel to be arrayed in a matrix;

forming an interconnection made of a metal between

the pixel electrodes;
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coating a surface of the interconnection with a

liquid repellent conductive layer; and

| forming an organic compound layer by applying an
organic compound-containing solution to the electrode.

19. A method according to claim 18, wherein after

the organic compound layer is formed, a counter

electrode is formed to cover the organic compound layer

and the interconnection.

20. A method according to claim 18, wherein the

organic compound layer is an organic EL layer.

21. A method according to claim 18, wherein the

interconnection is electrically connected to the

organic compound layer.

22. A method according to claim 18, further

comprising providing a transistor electrically

connected to the organic compound layer.

23. A method according to claim 22, wherein the

interconnection has a feed interconnection connected to

the transistor.

24. A method according to claim 18, wherein a

surface of the pixel electrode is a metal oxide.

25. A methodaccording to claim 18, wherein the

liquid repellent conductive layer contains a triazine

compound.

LG Display Co., Ltd.
Exhibit 1002

Page 327



LG Display Co., Ltd. 
Exhibit 1002 

Page 328

10

15

- 98 -

ABSTRACT OF THE DISCLOSURE

A transistor array substrate includes a plurality

of driving transistors which are arrayed in a matrix on

a substrate. The driving transistor has a gate, a

source, a drain, and a gate insulating film inserted

between the gate, and the source and drain. A

plurality of signal lines are patterned together with

the gates of the driving transistors and arrayed to run

in a predetermined direction on the substrate. A

plurality of supply lines are patterned together with

the sources and drains of the driving transistors and

arrayed to cross the signal lines via the gate

insulating film. The supply line is electrically

connected to one of the source and the drain of the

driving transistor. A plurality of feed

interconnections are formed on the supply lines along

the supply lines, respectively.
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