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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 

5 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 

10 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, 

15 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 

20 roughly be classified into passive driving types and 

active matrix driving types. Organic 

electroluminescent display panels of active matrix 

driving type are more e�cellent than those of passive 

driving type because of high contrast and high 

25 resolution. In a conventional organic 

electroluminescent display panel of active matrix 

display type described in, e.g., Jpn. Pat. Appln. KOKAI 

IPR2020-01546 
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,J)-" 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 

5 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 

10 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 

15 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 

20 emits light at a luminance corresponding to the 

25 

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 

IPR2020-01546 
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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 

5 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 

10 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, 

15 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 

20 

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 

25 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. 

IPR2020-01546 
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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 

5 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 

10 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 

15 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 

20 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 

25 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

IPR2020-01546 
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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 

10 suppressing any voltage dfOP 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 

15 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 

20 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 

25 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 

IPR2020-01546 
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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 

5 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 

10 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 

15 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 

20 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 

25 through a contact hole formed in the gate insulating 

film, and 

the other of the source and drain of each of the 

IPR2020-01546 
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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, 

5 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 

10 

15 

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 

20 transistors is electrically connected to the scan line 

through a contact hole formed in the gate insulating 

film. 

25 

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 

IPR2020-01546 
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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 

5 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 

10 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 

15 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 

20 the drain of each of the plurality of driving 

transistors; 

25 

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 

5 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 

10 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 

15 a signal is output to the driving transistor and pixel 

electrode through the feed interconnection, the voltage 

drop and signal delay can be suppressed. 

20 

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 

25 lines. 

According to this aspect, since the feed 

interconnections can be made thick, the resistance of 

IPR2020-01546 
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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 

5 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 

10 repellency, an organic compound layer can 

satisfactorily be patterned. A liquid repellent 

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

can selectively be formed on a metal surface so as to 

exhibit liquid repellency but cannot be formed on the 

15 surface of an insulator or a metal oxide to exhibit 

20 

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 

25 circuit of the EL display panel; 

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

pixel circuit of the EL display panel; 

IPR2020-01546 
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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 

10 VIII - VIII in FIG. 3; 

15 

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 

20 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 

25 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 p/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 

5 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 

10 resistivity p/sectional area S of the feed 

interconnection and common interconnection of a 40-inch 

EL display panel l; 

FIG. 19 is a graph showing the correlation between 

the sectional area and the current density of the feed 

15 interconnection and common interconnection of the 

40-inch EL display panel;

20 

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 Pi,j and Pi,j+l of the EL d�splay panel;

FIG. 23 is a sectional view taken along a plane 

25 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 

5 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 

10 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 

15 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 

20 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 

25 substrate 2, � (a plurality of) signal lines Y1 to Yn,

� (a plurality of) scan lines X1 to Xm, � (a plurality

of) supply lines Z1 to Zrn, (m X n} pixel circuits P1, 1

IPR2020-01546 
Apple EX1002 Page 17



• 

14 

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 Y1 to Yn are 

5 arrayed on the insulating substrate 2 in parallel to 

each oiher. The scan lines X1 to Xm are arrayed on the 

insulating substrate 2 to be perpendicularly to the 

signal lines Y1 to Yn when the insulating substrate 2 

is viewed from the upper side. The supply lines Z1 to 

10 Zm are arrayed on the insulating substrate 2 between 

the scan lines X1 to Xm to be parallel to them so that 

the supply lines and scan lines alternate. The pixel 

circuits P1,1 to Pm,n are arrayed on the insulating

substrate 2 in a matrix along the signal lines Y1 to Yn 

15 and scan lines X1 to Xm. The feed interconnections 90 

are provided in parallel to the supply lines Z1 to Zm 

20 

when viewed from the upper side. The common 

interconnections 91 are provided in parallel to the 

signal lines Y1 to Yn when viewed from the upper side.

In the following description, the direction in 

which the signal lines Y1 to Yn 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). 

25 In addition, � and n are natural numbers (m > 2, 

n > 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 

5 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 �, and i be an arbitrary natural number of 1 to 

�, a scan line Xi is the ith row from the top, a supply

10 line Zi is the ith row from the top, a signal line Yj

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,j is

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

15 signal line Yj· 

20 

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 

25 90 are formed on the upper surfaces of the supply lines 

Z1 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 91a on the 

front side and to a lead interconnection 91b on the 

rear side. The lead interconnections 91a and 91b have 

the same thickness as the common interconnections 91 

10 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 91c. A common potential Vcom is applied to 

15 the common interconnections 91. 

In the EL display panel 1, regions partitioned in 

a matrix by the scan lines X1 to Xm and signal lines Y1

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

P
rn,n is provided in one region.

20 [Circuit Arrangement of Pixel Circuit] 

25 

The pixel circuits P1,1 to P
rn,n have the same

structure. So, the arbitrary pixel circuit Pi,j of the

pixel circuits P1,1 to P
rn,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 Pi,j· FIG. 4

does not illustrate the electrode on the lower side of 

the pixel circuit P�,j-

The pixel circuit Pi,j comprises the organic EL

5 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, and a 

capacitor 24. The first transistor 21 will be referred 

10 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

15 connected to the signal line Yj. 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 

20 electrically connected to a gate 22g of the holding 

transistor 22 and the scan line Xi.

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 

25 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 Zi- The gate 22g is
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electrically connected to the gate 21g of the switch 

transistor 21 and the scan line Xi.

In the driving transistor 23, the source 23s is 

electrically connected to the pixel electrode 20a of 

5 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

10 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 

15 lines X1 to Xm and supply lines Z1 to Zm are

20 

alternately arrayed. The feed interconnections 90 

overlap the supply lines Z1 to Zm- The signal lines Y1

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 Yj 

and the common interconnection 91 and between the scan 

25 line Xi and the supply line Zi 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 

5 direction when viewed from the upper side. 

10 

When viewed from the upper side, the switch 

transistor 21 is arranged along the signal line Yj.

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 Xi. The

holding transistor 22 overlaps the edge of the pixel 

electrode 20a. 

When viewed from the upper side, the driving 

15 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 Yj and overlaps the edge of

20 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 

25 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

IPR2020-01546 
Apple EX1002 Page 23



20 

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
I I 

5 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 

10 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 

15 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 

20 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 Pi,j·

As shown in FIG. 5, the switch transistor 21 

includes the gate 21g, gate insulating film 31, 

25 semiconductor film 21c, 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 

5 protective film 21p is formed on the central portion of 

the semiconductor film 21c. The impurity-doped 

semiconductor films 21a 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 

10 protective film 21p. The drain 21d is formed on one 

impurity-doped semiconductor film 21a. 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 

15 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 

20 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 

25 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 

5 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, 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 Y1 to Yn, the scan lines X1 to Xm, and the supply

15 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 

20 lower electrodes 24A of the capacitors 24 of the pixel 

circuits P1,1 to Pm,n, and the signal lines Y1 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 

25 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 Y1 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 

5 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 P1,1 to Pm,n· Hence, the gate

insulating film 31 covers the gates 21g, 22g, 23g of 

the respecting transistors 21, 22, 23, the lower 

10 electrodes 24A of the capacitors 24, and the signal 

lines Y1 to Yn.

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 

15 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 P1,1 to Pm,n, the

scan lines X1 to Xm, and the supply lines Z1 to Zm are

formed, using photolithography and etching, by 

20 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 

25 drains 23d and sources 23s of the driving transistors 

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

lines X1 to X
rn

, and the supply lines Z1 to Zm 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 

5 superposed on the patterned gate layer. 

X· 
l 

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

is electrically connected to the gate 219 of the 

switch transistor 21 and the gate 22g of the holding 

transistor 22 through a contact hole 92 formed in the 

10 gate insulating film 31. The signal line Yj 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 

15 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 X1 to Xm, and supply lines Z1 to Zm are 

20 covered with a protective insulating film 32 formed on 

25 

the entire surface. The protective insulating film 32 

is divided into strips at the overlap portions on the 

supply lines Z1 to Zm. 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 Xm, and supply lines Z1 to Zm is eliminated

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

the planarization film 33 is flat. The planarization 

5 film 33 is formed by hardening a resin. The 

planarization film 33 is divided into strips at the 

overlap portions on the supply lines Z1 to Zm together

with the protective insulating film 32. This will be 

described later in detail. 

10 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. 

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

in the horizontal direction along the supply lines Z1 

to Zm 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

20 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 Z1 to 

25 Zm. The feed interconnections 90 are formed by 

electroplating and are therefore much thicker than the 

signal lines Y1 to Yn, scan lines X1 to Xm, supply
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lines Z1 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 

5 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 

10 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. 

15 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 

20 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 

25 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 

5 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 

10 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., 

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

(In2O3), 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 horizontal direction. 

Since the common interconnections 91 are formed by 

electroplating, they are much thicker than the signal 
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lines Y1 to Yn, the scan lines X1 to Xm, the supply

lines Z1 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 

5 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 

10 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.

15 

In the liquid repellent conductive film 55, 

triazyl-trithiol molecules are formed very thin on the 

surface of the common interconnection 91. For this 

20 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 

25 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 

5 aqueous solution of 6-dimethylarnino-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 26
°

C for a dipping time of 

10 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, 

15 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 46
°

C for a dipping time of 

30 min, the liquid repellent conductive film 55 having 

20 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., 

25 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 10-3 mol/L, and that of sodium hydroxide is set 

to 2.0 X 10-3 mol/L. 

As described above, the fluorine-based 

triazinethiol compound in which at least part of 

10 hydrogen of an alkyl group is substituted with a 

fluorine group exhibits stronger liquid repellency than 

a triazinethiol compound containing no fluorine. 

15 

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 

20 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 on the entire surface for all 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 th.ick, the transmission of 

25 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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characteristic degrades. 

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 ent�re 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 

10 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 

15 material. 

20 

(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 

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

the signal lines Y1 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 P1,1 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 P1,1 to

-Pm,n· Vapor deposition, photolithography, and etching

are sequentially executed to pattern the channel

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

circuits P1,1 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,

15 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 P1,1 to

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

20 The drain layer is sequentially subjected to 

25 

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 X1 to Xm, and the supply lines Z1 to Zm-

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 P1,1 to

Pm,n are formed through the protective insulating film 

5 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 Z1 to Zm.

Electroplating is executed by applying a voltage 

10 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 Zm in the trenches 34,

15 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 

20 entire surface of the transistor array substrate 50 by 

25 

vapor deposition. The transparent conductive film is 

sequentially subjected to photolithography and etching 

to pattern the pixel electrodes 20a of the pixel 

_circuits P1,1 to Pm,n 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 in a

5 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

10 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 

15 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 

20 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 

25 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.

10 [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 X1

to Xm sequentially outputs a shift pulse of high level

15 to the scan lines X1 to Xm in this order (the scan line

X1 next to the scan line Xm), thereby sequentially

selecting the scan lines X1 to Xm- A feed driver is

connected to the feed interconnections 90. The feed 

driver applies the write feed voltage VL to supply a 

20 write current to the driving transistors 23 connected 

to the supply lines Z1 to Zm 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 

25 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 Z1 to Zrn in this order 

(the supply line Z1 next to the supply line Zm) in

synchronism with the select driver, thereby 

5 sequentially selecting the supply lines Z1 to Zm.

While the select driver is selecting the scan lines X1 

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

signal) to all the signal lines Y1 to Yn through the

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

10 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

15 interconnections 91 are connected to an external device

through the interconnection terminals 91c and held

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

ground = 0V). 

During the selection period of the scan line Xi,

20 the shift pulse of high level is output to the scan 

line Xi 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 

25 output to the feed interconnections 90 and the supply 

lines Z1 to Zm. 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 Y1 to Yn. As shown in

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

current value corresponding to the gray level is 

5 supplied from the data driver to the signal lines Y1 to 

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

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

line Yj flows from the feed interconnection 90 and

supply line Zi through the source-to-drain path of the

10 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 

15 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 Pi,1 to Pi,n of the ith row is forcibly

20 set in accordance with the current value of the write 

current (current signal) flowing to the signal lines Y1 

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 

25 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 

5 emission period, the scan line Xi changes to low level 

so that the switch transistor 21 and holding transistor 

22 are turned �ff. 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 

10 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 

15 driving transistor 23 is maintained. During the light 

emission period, the potential of the supply line Zi 

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 

20 organic EL element 20. Hence, a driving current flows 

from the supply line Zi and the feed interconnection 90

connected to it to the organic EL element 20 in the 

direction of arrow� through the driving transistor 23. 

Hence, the organic EL element 20 emits light. The 

25 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 

5 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 Zm. The 

select driver sequentially outputs a shift pulse of 

high level to the scan lines X1 to Xm in this order

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

sequentially selecting the scan lines X1 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 

15 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 Y1 to Yn

through the source-to-drain paths of the driving 

transistors 23. The counter electrode 20c and feed 

20 interconnections 90 are held at the predetermined 

common potential Vcom (e.g., ground = 0V). 

During the selection period of the scan line Xi,

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

ith row so that the switch transistor 21 and holding

25 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 

IPR2020-01546 
Apple EX1002 Page 49



46 

interconnections 90 and supply lines Z1 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 

5 signal lines Y1 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 Y1 to Yn, as indicated

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

10 current (pull-out current) to the signal line Yj 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 

15 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 

20 (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 Pi,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 

25 signal lines Y1 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 

5 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 Xi

changes to low level so that the switch transistor 21 

10 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 

15 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 

20 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 

25 from the feed interconnection 90 and supply line Zi

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. 

5 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 

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

interconnection 90 and supply line Zi 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 

15 light emission occurs. 

20 

25 

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 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 

5 of the magnitudes of driving currents flowing to the n 

organic EL elements 20 connected to the scan line Xi 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 

10 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 � organic EL elements 20. In 

this embodiment, the feed interconnections 90 are 

15 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 in a short selection period, the write current 

20 (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. In a 

bottom emission structure, the decrease in pixel 

25 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 

5 thin-film transistors of the pixel circuits P1 1 to 
I 

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 

10 its resistance, th� 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 

15 intensity in the plane can be uniformed. 

20 

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. 

25 The supply lines Z1 to Zm are the upper layers of

the signal lines Y1 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 Zm by using them as an underlayer,

the feed interconnections 90 can be grown on the supply 

5 lines Z1 to Zm.

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 

10 graph showing the current vs. voltage characteristic of 

the driving transistor 23 and organic EL element 20 of 

each of the pixel circuits P1,1 to Pm,n·

Referring to FIG. 15, the ordinate represents the 

current value of the write current flowing between the 

15 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 tr�nsistor 23 

20 (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 

25 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-

s 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. 

10 A voltage VPl 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 

15 (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 

20 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 

25 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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level. 

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 

5 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) 

10 where Vth (= VP2 - VPl 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

lV or less. When the panel size of the EL display 

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

20 EL element 20 for the maximum luminance gray level is 

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

the current value is set to 8.5 µA to 11.0 µA. 

A pixel width Wp as the row-direction length of 

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

25 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 

5 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 

10 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 

15 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 µm or less for the EL display panel 1 with a 

panel size of 32 inches or 44 µm or less for 

20 40 inches. A maximum thickness Hmax of the feed 

interconnection 90 and common interconnection 91 is 

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

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

is taken into consideration. A maximum sectional area 

25 Smax of the feed interconnection 90 and common 

interconnection 91 is 204 µm2 for 32 inches or 264 µm2 

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

interconnection 90 and common interconnection 91 lV or 

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

lighted to flow the maximum current, an interconnection 

5 resistivity p/sectional area S of the feed 

interconnection 90 and common interconnection 91 must 

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

FIG. 17 shows the correlation between the sectional 

area and the current density of the feed 

10 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 µ Q cm for 32 inches or 6. 4 µ Q cm for 

15 40 inches. 

To make the maximum voltage drop of the feed 

interconnection 90 and common interconnection 91 lV or 

less when the 40-inch EL disp�ay panel 1 is fully 

lighted to flow the maximum current, the 

20 interconnection resistivity p/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 

25 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 

5 where Ea is an activation energy, KbT = 8.617 X 

( 3)

10-5 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 

10 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 

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

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

20 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 

25 feed interconnection 90 and common interconnection 91 

must be 57 µm2 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. 4 3 µ m2 or more, as is apparent 

from FIG. 1 7. 

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 µm2 or more to 

prevent any failure in them in the full lighting state 

for 10,000 hrs, as is apparent from FIG. 19. The 

10 sectional area S of the feed interconnection 90 and 

common interconnection 91 made of Cu must be 0.69 µm2 

or more, as is apparent from FIG. 19. 

In the 32-inch EL display panel 1, the 

interconnection resistivity p/sectional area S of the 

15 Al-based feed interconnection 90 and common 

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

above, assuming that the resistivity of the Al-based 

material is 4.0 µ 0cm. Hence, a minimum sectional area 

Smin is 85.1 µm2. Since the line width WL of the feed 

20 interconnection 90 and common interconnection 91 is 

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

Hmin of the feed interconnection 90 and common 

interconnection 91 is 2. 50 µ m. 

In the 40-inch EL display panel 1, the 

2 5 interconnection resistivity p/sectional area S of the 

Al-based feed interconnection 90 and common 

interconnection 91 is 2 .4 O/cm or less, as described 
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above. Hence, the minimum sectional area Smin is 

167 µm2 . Since the line width WL of the feed 

interconnection 90 and common interconnection 91 is 

44 µm or less, as described above, the minimum 

5 thickness Hmin of the feed interconnection 90 and 

common interconnection 91 is 3.80 µm. 

In the 32-inch EL display panel 1, the 

interconnection resistivity p/sectional area S of the 

feed interconnection 90 and common interconnection 91 

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

assuming that the resistivity of Cu is 2 .10 µ 0cm. 

Hence, the minimum sectional area Smin is 44.7 µm2. 

Since the line width WL of the feed interconnection 90 

and common interconnection 91 is 34 µm or less, as 

15 described above, the minimum thickness Hmin of the 

feed interconnection 90 and common interconnection 91 

is 1.31 µm. 

In the 40-inch EL display panel 1, the 

interconnection resistivity p/sectional area S of the 

20 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 µm2 . 

Since the line width WL of the feed interconnection 90 

and common interconnection 91 is 44 µm or less, as 

25 described above, the minimum thickness Hmin of the 

feed interconnection 90 and common interconnection 91 

is 1.99 µm. 
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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 lV or less. To ensure 

5 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 His 2.50 to 

6. 0 µ m, the width WL is 14. 1 to 34. 0 µ m, and the 

resistivity is 4 . 0 to 9 . 6 µ Q cm . In a 40-inch panel in 

10 which the feed interconnection 90 and common 

interconnection 91 are made of an Al-based material, 

the thickness His 3.8 to 6.0 µm, the width WL is 27.8 

to 4 4 . 0 µ m, and the resistivity is 4 . 0 to 9 . 6 µ Q cm . 

In general, for the Al-based feed interconnection 

15 90 and common interconnection 91, the thickness His 

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

the resistivity is 4 . 0 to 9 • 6 µ Q cm. 

In a 32-inch panel in which the feed 

interconnection 90 and common interconnection 91 are 

20 made of Cu, the thickness His 1.31 to 6.00 µm, the 

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

2. 1 to 9. 6 µ Q cm. In a 40-inch panel in which the feed 

interconnection 90 and common interconnection 91 are 

made of Cu, the thickness His 1.99 to 6.00 µm, the 

25 width WL is 14.6 to 44.0 µm, and the resistivity is 

2 . 1 to 9 . 6 µ Q cm. 

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 µm, the width WL is 7.45 to 44.00 µm,

and the resistivity is 2. 1 to 9. 6 µ Q cm. 

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

5 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 µm, the width WL of 7.45 

to 44.00 µm, and the resistivity of 2.1 to 9.6 µ 0cm. 

10 [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 

15 substrate 2, n (a plurality of) signal lines Y1 to Yn,

� (a plurality of) scan lines X1 to Xm, � (a plurality

of) supply lines Z1 to Zm, (m X n) pixel circuits P1, 1

to Pm,n, a plurality of feed interconnections 90, and a

plurality of common interconnections 91. The 

20 insulating substrate 2 is optically transparent and has 

a flexible sheet shape or a rigid plate shape. The 

signal lines Y1 to Yn 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 

25 be perpendicularly to the signal lines Y1 to Yn when

the insulating substrate 2 is viewed from the upper 

side. The supply lines Z1 to Zm are arrayed on the
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insulating substrate 2 between the scan lines X1 to Xm

to be parallel to them so that the supply lines and 

scan lines alternate. The pixel circuits P1
,

1 to Pm,n

are arrayed on the insulating substrate 2 in a matrix 

5 along the signal lines Y1 to Yn and scan lines X1 to

Xm. The feed interconnections 90 are connected to the

supply lines Z1 to Zm and branched in parallel to the

signal lines Y1 to Yn when viewed from the upper side.

The common interconnections 91 are provided between the

10 feed interconnections 90 to be parallel to them such 

that the common interconnections 91 and feed

interconnections 90 alternate. 

15

20 

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 P1
,

1 to Pm,n in the

running direction of the signal lines Y1 to Yn.

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 

25 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 

5 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 91a arranged 

10 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 91a 

also function as partition walls to partition, in film 

15 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 Y1 to Yn run will be defined as 

20 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, � and n are natural numbers (m > 2, 

25 

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

represents the sequence from the top in FIG. 20. 

subscript added to a supply line Z represents the 

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. Tpe first subscript added to a pixel 

circuit P represents the sequence from the top, and the 

second subscript represents the sequence from the left. 

5 More specifically, let i be an arbitrary natural number 

of 1 to �, and i be an arbitrary natural number of 1 to 

�, a scan line Xi is the ith row from the top, a supply 

line Zi is the ith row from the top, a signal line Yj 

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

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

column from the left. The pixel circuit Pi,j is 

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

signal line Yj. 

In the EL display panel 1, regions partitioned in 

15 a matrix by the scan lines X1 to Xm and signal lines Y1 

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

Pm,n is provided in one region. 

[Circuit Arrangement of Pixel Circuit] 

The pixel circuits P1,1 to Pm,n have the same 

20 structure. The arbitrary pixel circuit Pi,j 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 Pi,j and pixel 

25 circuit Pi,j+l·

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 

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

connected to the signal line Yj- 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 

10 of the capacitor 24. A gate 21g of the transistor 21 

is electrically connected to the scan line Xi 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 

15 transistor 23 and the other electrode 24A of the 

capacitor 24. A drain 22d is electrically connected to 

the supply line Zi 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 

20 transistor 21 and the scan line Xi.

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 

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

connected to the supply line Zi 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 

5 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 in a 

matrix on th� insulating substrate 2. When a focus is 

placed on only the holding transistors 22 of the pixel 

10 circuits P1,1 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 P1,1 to Pm,n when viewed from the upper

15 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 

20 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 

25 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 

5 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. 

10 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 

15 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 

20 lines Y1 to Yn, the scan lines X1 to Xm, and the supply

lines Z1 to Zm 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 

25 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 

5 24, and the signal lines Y1 to Yn 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 Y1 to Yn are interconnections to which a gray

10 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

15 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 

20 semiconductor films 23c is provided on each of the 

signal lines Y1 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 

25 protect the signal lines Y1 to Yn from any short

circuit formed with any one of the scan lines X1 to Xm 

or any one of the supply lines Z1 to Zm 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 

5 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 

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

line Xi 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 

15 gate insulating film 31. The signal line Yj 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 

20 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, 

25 scan lines X1 to Xm, and supply lines Z1 to Zm 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 Zm.

A planarization film 33 is formed on the 

5 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 Z1 to Zm is eliminated

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

10 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 

15 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 

20 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 

25 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 P1,1 to Pm,n· When viewed from 

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

circuit Pi,j is formed in a region divided partitioned

by the adjacent scan line Xi and supply line Zi and the

adjacent signal line Yj and signal line Yj+l· The

pixel electrode 20a is electrically connected to the 

10 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 

15 

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 

20 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 (In2O3), tin oxide (SnO3), zinc oxide (ZnO), or

25 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 

5 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 

10 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 

15 correspondence with the signal lines Y(j-2k), ... ,

Y (j-2), Yj, Y (j+2), ... , (� 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 

20 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 

25 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-2k+l), ... , 

5 Y (j-1), Y (j+l), Y (j+3), ... , (.!:s_ 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. 

10 Of the insulating films 52, the insulating films 52 

which do not overlap the conductive lines 51 have the 

common interconnections 91 formed thereon. 

15 

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 Y1 to Yn, scan lines X1 to Xm, supply 

lines Z1 to Zm, and the gates, sources, and drains of 

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

20 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 Zm 

cross when viewed from the upper side. 

58 are buried in the contact holes 53. 

Conductive pads 

The conductive 

25 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 Z1 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

5 to Pi,n through the supply line Zi. 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 

10 signal lines Y1 to Yn, the scan lines X1 to Xm, the

supply lines Z1 to Zm, 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. 

15 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 

20 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 

25 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. 

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 

10 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 

15 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 

specifica�ly, an aqueous solution of 

20 6-dimethylamino-1,3,5-triazine-2, and 4-dithiol-sodiurn

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 26°C for a

dipping time of 30 min, the liquid repellent conductive

25 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

5 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 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 

10 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, 

15 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 

20 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 

25 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 

10 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 

15 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 

20 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 

25 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 

5 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 stru�ture including a 

10 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 20b to emit blue light is formed, as shown in 

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

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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. 

25 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 

IPR2020-01546 
Apple EX1002 Page 84



81 

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 

5 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 

10 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 

15 resistance are provided of obtain a sufficient 

20 

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 

25 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 

5 to the feed interconnections 90 and supply lines Z1 to 

Zrn
. A scan-side driver sequentially outputs a shift 

pulse of high level to the scan lines X1 to Xm in this

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

thereby sequentially selecting the scan lines X1 to Xm.

10 While the scan-side driver is outputting the shift 

pulse to one of the scan lines X1 to X
rn

, the clock 

signal from the oscillation circuit changes to low 

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

lines X1 to Xm, a data-side driver supplies a pull-out

15 current (current signal) as the write current to all 

the signal lines Y1 to Yn 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., 

20 ground = OV). 

During the selection period of the scan line Xi,

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

ith row so that the switch transistor 21 and holding

transistor 22 are turned on. In each selection period, 

25 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 Zm. 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 Y1 to Yn. As shown in FIG. 21, a write

5 current (pull-out current) having a current value 

corresponding to the gray level is supplied from the 

data-side driver to the signal lines Y1 to Yn, as

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

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

10 Yj 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 

15 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 

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

transistor 23 of each of the pixel circuits Pi,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 Y1 to Yn, i.e.,

25 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 

5 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 

10 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 

15 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 

20 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 

25 90 and supply line Zi 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 

5 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 

10 potential of the feed interconnection 90 and supply 

line Zi 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. 

15 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

20 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 

25 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 Zi and feed interconnection 90 change to high

level during the light emission period, the driving 

5 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. 

10 [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. 

15 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 

20 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 

25 is electrically connected to the pixel electrode 20a of 

the organic EL element 20. The source 23s is 

electrically connected to the supply line Zi.
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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 

5 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. 

10 

[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 

15 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 

20 the supply lines Z1 to Zm. 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,3, ... , Pi,n may be connected to the

scan line Xi.

25 [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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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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film. 

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 

5 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 

10 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 

15 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; 

20 4. A substrate according to claim 2, which

25 

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 drivjng 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 

5 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 for�ed in the gate insulating 

10 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. 

15 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

20 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 

25 a wri�e current to the driving transistor through the 

feed interconnection in a selection period and apply a 

driving feed voltage to supply a driving current to a 
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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 µm.

10. A substrate according to claim 1, wherein the

feed interconnection has a width of 7.45 to 4.4.00 µm.

11. A substrate according to claim 1, wherein

a resistivity of the feed interconnection is 2.1 

to 9. 6 µ Q cm. 

12. A substrate according to claim 1, which

further comprising a plurality of light-emitting 

15 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 

20 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. 

25 

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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 transistors, 

20 

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

25 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 

5 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, 

10 and 

15 

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 

20 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 

25 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

10 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

15 comprising providing a transistor electrically 

connected to the organic compound layer. 

20 

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 

5 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 

10 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 

15 driving transistor. A plurality of feed 

interconnections are formed on the supply lines along 

the supply lines, respectively. 
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ffl�.nlici1:i���5 oat m%J;{r'af!T6�1t=.r9:,,, 

KJ:l'J�-K�d�h6C.c�--cT6ff:ffi\EL7""-{ 

A 7· I.,, -{ &ff!O)�nito 

[JEl!ijO)ff�.fllf,,t.�l!ij) 
[0001) 
[JE!!ijO)�T 6�vlHH!f] :;1s:§E!!ij�j:, ffffi_r_ 1.,, ::7 I-o Jv 

�*�:,,,;z(EL)7""-{A7L,,-{&MK�ffl�h6$11.l 

J--::,:,,1/.:::Z?, ffffi\ELr-{;z71.,,-{�M&U-eO)�� 

:1J$Kflk tJ, ffftE L f-{ ;z ·f 1.,, -{O){gfff1:�foJJ::T o

f>O)KlfflT 60 

[0002) 

[t'f*0)!5{�] :ili1Ftctdt.�--c, ff:ffi\E L�+�fflt-�tc., 

r-< .:::z7·1.,,-1&M1J1fm§E�ht��6o ff:ffi\E L�-f-�� 

3 ,c::t,si.�t, :li':7 ;z�O)¥f!ii2 0 11::K, ?E'ti:,.,, 1J ::t:,, 

Jffi 2 o 2 , -7'- Hifs�.lm 2 o 3 , 3/- 1- fflffi 2 o 4 IJ1� 
d�h6. -eGtmft:,.,,l}::t:,,m202K�, 1/-.A• 

�2 0 5, =.f-v ;t,.J1,,�nx;jJits12 0 6, F 1.,, -{ :,,,jJi:�2 0 
7 iJi�t1 6 h, ?W■ 1-- 5:,,, 1/ .:::< 9 iJ1:ffjn_x; � n 6. 

[ 0 0 0 7) � 6KJffiFdJMs�.lm 2 O 8 K®'.t':t 6htc.::t:,,, 

9 ::7 I-*-Jl,�C, /°'\ 1] 7 .;,( 9 JI,, 2 1 0, 2 1 1 �ft G 
L, 1/-AiJi:�2 0 5, FI;,,{ :,,,■�2 0 7 tc-e-h�n 

40 7 Jl, � .::.. rj .b..�O) 1/ -;z fflffi 2 1 3 - 1 , F L,, -{ :,,,fflffi 

2 1 4 - l 7'J)®'.tt6ht��6. 

[ 0 0 0 8 ) � tc;lf::, ;z�©:¥� 2 0 l tc�i't 6 ntc. I 

T O ( M{t-1' :,,, :J .:i. - .b. • .:::< ;() O)�l!ijfflffi 2 0 91:: 

K, ff:ffi\ELJii2 l 5, J::$fflffi2 1 61J1®'.t16htE 

L�-f-}i��ffl}jjt!JLl,.l¢0 C.O) I TQO)�l!ijfflffi2 0 9 

,c,;tWtf ffl�.nli 2 1 2 �ft Gt, -e0)�7'J1wJgc F I.,, -{ 

:,,,fflffi2 14-1ct.£.o7Jt-�.::..ry1.,.�2141Jsm� 

�ht��6. 

(0009)-eGtff:ffi\EL�-f-O)J::$fflffi2160)J:: 
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5 

�ilffi2 I 7 ,bi�tt 6h, fffflrn L�f-O)J:.fmfflffi2 1 

60).J:ffijtC�;t, 7JI,�..::.,j.L:.�tCJ:1:J�jjifflffi2 1 8;fJ1 

��t6h"'Ct-�6o 

[0010]�3K�9J:?K, -HK.ffif--7::,,,:};;z 

9-C �;t, 1/ '} =1 ::,,,75f'1:Jli0) 1/- ;;z M� 2 O 5 , F v -{ ::,,,

Mf812 0 7 c, t:h6K-eh"'t'tt.mMt�tt.6 7 JI,::..:::.. ry 

.l.�O) 1/ -;( fflffi 2 1 3 -1 , F v -{ :,.,--gffi 2 1 4 -1 

cO)rdJK�;t . .," 1; 7 _.,( 9Jv 2 1 o c 2 1 1 tJ1fl-1£�n "'C 

(4) *lm.:i¥8-330600 

6 

7 :,.,- :) A 5l ,c �;J:, J:t�!'.r-J* � tJ: �i;refflifii; ( r, -{ 7 ;;z 11! 

7�) ,b'ii!f!�l¥J�C$:h6. 

[ 0 0 1 6 ) C O)J:? ,c, ffffl\E LIii 2 1 5 r.pi,p 6�� 

9 6*�c • .I'\ -{ 7 ;;z 11!$:KJ: tJ. f!Jll I-- 5- ::,,,:) ;;z 9(]) 

.I'\ 1) 7 _.,( 5l JI,, 2 1 0 , 2 1 1 �;flfit9 6 '.7 0 A:1Jl -{ .:t / 

{t L, "'Cffffl\ E L �-1-f,!!JHc�tJ; t.,. �1!��ftJit§tO)J}j{� c tJ: 

6 C c 1JSWtB)} � htc • 

[ 0 0 1 7 ) C (])!Jli'U;t, fflitn;f!,ljlftpfflf!Jll I-- 7:,,,:) ;;z 5l 

t-�60 Ch6(]).1'\ 1}7...,l9Jv2 I 0, 21 H;t, m't�1/ (J),lj."'Ct:ttJ:<. A.-f '.:!rJfHWffiJ--7::,,,:);(9,c.tot-�"'Cb 
1J=1:,.,-Jffi2 0 2Ktott61/ 1J=t:,.,-m(f-1J:'l7JL,�..::.,j.L:.� 10 .7J.6.h6Cc1Ji�"?tCo vf."?"'C, ;.$:��(])1§1¥J�;t. ,(=fft 

{J)'..J -A fflffi 2 1 3 - L F v -{ :,.,-fflffi 2 1 4 - l{ftrJ..--... 

(])��. m�9 6 Cc ��fjJt.9 6tcl1.>K�t't 6h"'Ct-� 

60 t.rtoC (J).1'\ � 7 ...,l 9-Jl,-2 -1 0. 2 l U;t, fl£*-C�;t

±K ? o .l. tJ:l�ffl � ti. "'Ct-� tc.o 

[ 0 0 I 1 ) -1J. ffftE L�f-���ctot-�-c. I T OJ: 

tJ t.r -5�1!13fflffi 2 O 9 c 7 Jv � .:::.. ry L:. i£ffii 2 I 4 ��ti 

tiM � it 6 c. 11*�W�ttffi;"""f�O)��tJ1�� L � 

l�o CO)J:'jtJ:��(J)����fj�. 7Jv�..::.ryL..�2

I4c�6✓'3mffi2oec(J)JWtJ:W�tt���kl1.>, �

1!13fflffi 2 0 9 c 7 JI,,�..::. ry L:.li2� 2 1 4 c O)rdW:::W�m 20 

�� 2 I 2 ��UC c tJS&,�-C ,½ "? tc.o t t., -Cf/£*-C';t 

c O)W� m�� 2 1 2 c 1.., "'C, wrna•a 1-- 5- :,.,- :J .A 5l (]) 

.I'\'} 7 ...,l 9 )v 2 1 0 , 2 1 1 c lo.I G < . =1:,c? P L,.;IJS� 

m�n-ct-�tco t.rto�3,c:ttst-�"'C213ti7Jl,�..::.,jL.. 

lic�"'(:<1),0 o 

(0012) 

[���M�LJ:?c96�m)CO)J:?tJ:ffftEL-r 

-i ;( 7· v -{ �:BJcto I,� -C. ¾Wffi 1-- 7:,,,:.} A 9 0).1'\ '} 7 ...,l

9Jv2 1 0. 2 1 1 c I/Cffl1,)6ntc.?O.l.1JS, EL*
-f-�fffit9 6J:.$fflffi 2 1 6 ��BJ}fflffi 2 0 9 0)1J,ct-f; 30 

tfjl,, BD"&111*�CJ: tJ Ch 6 ciifJ!l 1-- 7 :,.,-:) ;;z 5l cO)rdJ 

tc, mtHLtc? O1:.,cJ:6�t§t;o1�.i,_x;�tt.. ����c 

fJ:"?"'Cl,£? C c1J-S�"?tc.o 

[ 0 0 1 3 ) � 6 tct};f'l=��t't -5 c. ¾WJ!l 1-- 7:,,, :J ;;z 5l 

(J).1'\ 1J7...,l9Jv2 1 o. 2 11 �;fln,x;l,"'Ct-�tc:7PL..iJ-S 

�-cml:HL,"'Cl,£t-�. 1/-;(U{�2 0 5� F t.,,-{::,,,Uf� 

2 0 7 c , 7 Jv � ..::. ry L:. fflffi 2 1 3 -1 • 2 1 4 - 1 c 

(J)fffliJS�tt"'Crg�;o1�G. Wrffi1x�K�6C bo1,½"? 

fC.o 

EL -r-< ;;z ·:f v -{ K:ttst-�"'C, C (J)J: -5 tJ:ffffi 1-- 7 :,,,:) ;;z 

9 (])!D}Jf'l= ,c to�t 6 �1!i-1t�Wr� c t-� ? �$l(J)�� � �Jilt 

L< ffft E L -r -1 ;;z :;;· v -{ (J)fifftt��©6 Cc '"C ,n 

60 

(0018) 

(�ffl�Wt�96k©O)*�)C(J)J:-5tJ:;.$:��(J)Efl¥J 

�;t, ria < 1) ----- < 1 4) (J):tm< tt1it�6t-�,:t��1i$ 

( 1 ) 1/ -;( £ tdt F v -{ :,.,-�:fl�T 61/ 1J ::::1 :,,,ffif:1:Jli 

c. �1/ 1} ::::1::,,,ffifiJIHcttMt�h67Jl,� ..::.r:'.;L..�c

O)!'ffl�c. :1-9::,,, J: tJ tJ:6.1" rJ 7 ,;l 9Jv��tttc.C c ��

i!cc967"ffi J--7::,,,:,;;(90 

(0019) (2) 1/-;(£/d;tfv-{::,,,�:fln_x;T61/ 
1J =1 ::,,,mt��c. �1/ 1J =1 ::,,,75f���ctt�� h6 7 Jv � 

..::.ry.L:.lj2t§tcO)!'ffltC, �*�5 0 at m%J.;lrafl9◊ 

�ft:f-9 ::,,,J: r'J tJ:-01" 117 _.,( 9 ;r,��tttcc c��c 

9 6 ff.lffi 1-- 7 / :) .A 5l 0 

( 0 0 2 0) ( 3) fffflE L*f-c, �1}-lffiE L�f-�C 

mMt� htc1!mcfti!Jlftl1ffliif}Jl r 5- :,.,-:,; A 9�ff9 6 7 ::7 r

-<77f--rJ7!J;(�t}J�O)fffflEL'"r-iA7v.-f&�-C 

� "? "'C. ooii:!ffli;ref!,IJfftp ffitl!jffi 1-- 7 :,.,-Y ;;z 5l f ;t. 1/ rJ =1 :,.,

ffittmf c. �1/ 1J =1 :,.,-mtt��cttM� h6 7 Jv � ..::.ry 1:. 

li�cO)rdJtc. :f-9 :,.,-J: l:J tJ:6.1" ,; 7 _.,( 9 JviJS�t-t6n 

"'Ct-� 6 C c �¾� c T -oWfflt E L -r -1 A 7· v -{ &�o 

( 0 0 2 1 ) ( 4) fffflE L�-1-c, ��1JftE L�-1-�C 

mMi�ntc.111mcium.miifJ!l 1-- 7 :,.,-:,;;;z 9�ff9 6 7 '.7 r

-<7?f--1}7!J;(�t}J�O)ffffl\EL-r�;;z71.,,-{&�-C 

� "? "'C. jfrj°;i:!ffldii;f!,ljlftpffitl!jffi 1-- 5-:,.,-:J A 9 �;t. 1/ ') :::J :,.,

mttlffi c, �1/ 1J =1 :,.,-mttlffi,ctt�� h6 7 ;t, �..::. ry L:. 

(0014]-eO)M*. ?WffiJ--5-::,,,:J;(9cG-CO)ftft 

�-k9Cc�-C�tJ:<tJ:�. WfflEL�-IA7v.-f& 

tile L"'CO)fgffifi�*$tncf�r�it6 c ckt.r6o :2$:� 

����;t C (J)}m���w l, tc.M•. rlf20)fflEB�C�-:5 <

40 li�cO)rdJK. �� 5 0 a t m%J.;lrafi9 6�{1:1-

1b(J) cMll)}9 6 Cc iJi-C� tc.o 

(0015]£�WftEL�215�ffl�9-offmEL 

M�Ht. ��tt1.1s%i<. ::kmtpO)*���i&L,�t-�·t�Jt 

�fl9 60)-C, fffflE L� 2 1 51J)6*�;o1�9 60 

£tc.WME LJM2 1 5 ��16�-tt"'C. t:!J�;t,���T 

6tcl1.>,c. ffffl\E L� 2 1 5 Km�� htcffl�i!,IHffiJfflff 

ffi I- 7 :,.,-:,; ;;z 9&Uth�!ibf'l=� -tt6 ;(-{ , 1-ffl?WJ!l 1-- so 

9::,,,J: tJ t.,I.-0.1"')7 _.,( 9Jv��ittcc c�*ffic96ff 

ft E L -r -i A 7· v -{ &trio 

( O O 2 2) ( 5) WftE L�-1-c. ��1JfflE L�-1-K 

mMt � htdidii;i!,tjlftpffiiif)ll r 5-:,.,- :,; ;( 9 c, jfrj;2ffli.mi!,lj 

oomrWJ!l 1-- 7 :,.,- :J .A 9 0) .A -< '.:I :1-::,,, :3/ �fi -5 ;;z -1 •7 :1-m 

iifJ!ll-5-::,,,:JA9�fi967?r-<7?1-1}7�:;z�!D}J 

�O)ffffl\E L-r � ;( 7· v .-f �nf'"t",½ "? -C. ooi2�$;$fjlffiJ 

ffl¾WJ!lf--7�:};(9c, oo�;;z-{7:f-ffl�Jllf--7::,,,:);;z 

90)-en"'t'nK:tdt-�"'C. 1/ 1J ::::1 ::,,,ffittlffic. �1/ 1J =1::,,, 

mtt�,cttM� h-5 7 ;r,� ..::.ry L:.�c(J)rdftc, =f-9 :,.,-
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J:: I'.) t.1:br, 117 _;i 51 JL,�•tttc.C c ��c "9 b-ffffi\E 

L 'r -1 ;z :i I,,.{ &!if. 
[002 3) (6) -ffffi\EL�--1-c, ;_MJ.fffiEL�--1-K 

ft�� :htc.fflimi!,IJ:ffQJffl?W� f-5 ::,,:) ;z 51 c, Wii2fflimll,IJ 

:ffQJ fflifj� f-7 ::,, :) ;z 51 0) ;z -{ -;., 'r ::,, 7' �fr ? 7. -{ ,:,, 'r ffl 
��f-7::,,:);z51�-ff9b77�-17?f-9-;.,7;z�� 
g!l O),ffffi\ E L 'r -1 ;z ·f v -{ &:il-C iJb -=> -C, lfrig2fflimll,JJ:ffQJ 

fflriJ� I-7 ::,, :) ;z 51 c , ff!J�27. -1 -;., ::J-ffltli� I-5 ::,, :J ;z 

(5) 

9 0)-e :h .:e' :h R:. t5 t-� ·c 1/ 11 ::r ::,, mtt� c , �1/ 9 ::r ::,, 
mtt��ctt�� nb 7 Jv � .:::.ry J,..lji:!fflcO)f'ai,c, �� 10

5 O a t m%J-_:.rFaW9 b�{t'f-51::,, J:: 1'J q_ 6.1, 117 _;i 

9��-�kCc�--c961fffi\EL'r-17.7v-1& 
. ·fil:

o 

[ 0 0 2 4] ( 7) Wffi\E L�-=f-:fJ1? f- 1J -;., 7 A:t1c,c• 
tt 6:htc., 7 7 � -1 7< I- 1J-;., 7 7.!��0)-fffffiE L 'r 
-1 A 7' v --( &:il-C iJb -=> -C, wJg2ifffi\ E L �-=f-�ffj.6,x;9 6 
�1!13�c, JfiJi2JNl!J3fflffiKtl��n6 7 Jv �.:::. ':'.Jl,..fi2 
tffl_cO)rdJtC, ::J-9::,, J:: 1'J t.1:brnJ 7 .;J 9 Jv�•ittc.C c 
�W■c96WfflEL'r-1;z71,,.{&� 
[ 0 0 2 5 J ( 8) Wffi\E L�-=f-i,}1? I- 1J -;., 7 A:f1cK. 20 

tt 6:htc., 7 7 �-1 7< I- 1J-;., 7 7.J��O)iffflE L 'r 

-1 A 7 v -{ &lilt' iJb -=> -C, wJg2ifffi\ E L �-=f-� ;fff:.6,x;9 6

�l!ij�c, frjg2JNl!ijfflffitcm�� :h6 7 JI.,�.:::. '7 J,..fi2
•cO)!ffl,c, ��� 5 o a t m%.J;tT�W"9 6�-ft'f-9
::,,J:: l'.) t.J.br, 1J 7 _;i 51Jv�•tttc.C c�W-c"9 6Wfflt
EL 'r -1 ;z 7·1,,-1&a.
[0026] (9) Wffi\EL�-=f-c, iM�ffltEL�-=t-Cc

ftin�:htc.fflimil,IJ:ffQJffl?W� I-7 ::,,:);,,. 51�fl9 6 7 7 �
-17?1-977A���O)fl'ffi\EL'r-1A7v-f&fi-C
iJb-:> -C, wJg2gimll,JJfif!JffltlJ� 1--5 ::,, :) A 51 tt, 1/ '} ::r ::,, 30 
mttmi c, �1/ 1J ::r A5ttff!Ht:tl�� h67Jv�.:::.'71,.. 
ficffl c O)f'ei K, 'f-51 ::,, J:: l'J t.1: 6 -'" 1J 7 _;i 51 Jvi.11rottt 6 h 
-Ct:5 vJ, lfrig2iffflE L�-=f-�ffl�9 6 �1!13fflffic, jfrjg2
�1!1311:ffiiKttin� n67)v�.:::.':'.71,..ffi!fflc O)f'dJK, 'f-51
::,,J:: l'.) q_6W�ffl��:fJ1.&t6:h-C1,�6 Cc �W■c 9
6WfmE L :Y- -1 A ·:f v --f&ffil. 
[ 0 0 2 7 J ( 1 0) WME L�-=f-c, �W:flE L�-=f-

,ctt�� :htc.fflimffilJ:ffQJffltfj� I-7::,,:) ;z 51�fl96 7 7 
�-17?l-9,:,,77.���©Wffi\EL:Y--1;z71,,.{&lif 

-C iJb-.:> -C, wJl:;2ffl?fil:ll,JJ:ffQJfflWJ� I-7::,,:) 7. 51 �;t, 1/ 1) ::r 40

::,,mttmc, �1/ 11::r::,,mttmHcmin�n67 ;1, �.::. ':'.7
1,..§t!fficO)rdJR, ���5 Oat m%�'"faWT6�{t
-:J--51::,, J:: t'J t.J. 6 -'" '} 7 .;J 51 JldJ1.tt 6 n -C t:5 l'J, jfrjg2,if

ffi\E L�-=f-�:fff:� 6�1!J31!ffijc, jfrjg2JNl!ijfflffiKtl�
�:h67Jv�.:::.ryJ,..fit!ffilc©l'dJK, ���5 0 a tm%
�'"f'2iW9 6�-ft'f-51::,, J:: lJ zy_ 6W�ffl�m:i:fJ1rottt 6:h

-r:1,�6 C. c �W■c 9 6WfflE L :Y- -1 A 7· v--f&fio 

[ 0 0 2 8 J ( 1 1) W.ffllE L�-=f-c, �W.ffllE L�-=f-

Wlm-¥8-330600 
8 

ffl$�J-5::,,:J;z51�WT677r-17?l-9,:,,7;z� 
��©Wffi\E L 'r -1 7. 7·1,, ..f&M-Ciib-=> -C, frig2�fil:ll,JJ 

:ffQJfflWJN I-5:,, :J ;z 11 c, wJg27. -1 ,:,, 'f-ffltliN I- 5:,, :J 
A51©t:h't"hKt5lt�-r:, 1/ 1} ::r::,,mtt.Jffic, �1/ 1} ::r 

::,,mttJif ,cm�� n 6 7 }v � .::.. ':'.7 J,.. lji:!ffl c © rdi K, 'f-51 
::,, J:: l'.) t.1: 6 r, 1J 7 _;i 51 Jt,i,}i.tt 6 h -C :fl$ l'J , fri�2Wffi\ E 

L�-=f-�fflnx;9 6�1!13fflffi c, jfrjg2�1!13fflffiicttin� h 
67Jv� .:::.91,..Eie,ffi{cO)ffflR, =:f 51::,,J:: l'J t.J.6W�ffl� 
Jllii,)1•i-:t6n-c1,l6c c��c96WfflE Lr-1 A 7· 
v-f &ao 
( O O 2 9) ( 1 2) WfflE L�-=f-c, �Wffi\E L�-r 

,cmin� htcfflimll,JJ:ffQJfflrW.lll I-5 ::,,:) ;z 51 c, wJi2fflim 
ll,Jjfif!J JmfJ Ill I- 7 :,, 1/ A -';l O'_) 7-. .{ 7 =f--::,, !/�ff ? A -{ "J 'r 
fflrWNJ--5::,,:JA51�WT677r,17?l-9,:,,7;z� 
��O)Wffi\E L 'r-< ;z 7·1,, ..f&a-r::iib-=> -C, ff!Ji2�fil:ll,JJ 
fif!Jffl$,!Jl I-5::,, :J ;z 51 c, ifiig27. .{ -:,, ::J-ffltli� I-5::,,:) 
;z 90)-t-h't"hKt:51,�-C, 1/ '} ::r :,,73� c, �1/ 1) ::r 
:,,fi5ttnf �c tlin � h 6 7 Jt, � .::. '7 1,.. lii:!ffl c © Fei �c, �� 
�5 oat m%�TaW"96�{t'f-51::,,J: l'J t.J.6.1, 1J7 
_;i 51 JviJl•�t 6n-r:t:5 tJ, w1i2WtmE L�-=t-�:fff:nxT 6 
�1!13�c, Wi�2JNl!J3fflffi�cm��h6 7 Jv �.:::. 91,..�t! 
•c©FdJK, ��� 5 0 a t m%t{T2i'WT 6�-ft.=r 51
::,, J:: i'J t.1: 6W�ffl�miiJ1rot�t 6 h -r: 1, � 6 C c �W� c "9
6WffltE L f -1 ;z 7· v ..f&filo 

( O O 3 O) ( 1 3) W.ffllE L�-=f-c, �Wffi\E L�-=f
,cmin� htc.fflimll,IJ:ffQJ}fl�� I-5 ::,,� .::< 51�fl96 7 7
��77J-9,:,,7;z��O)Wffi\EL'r-17.7v..f&a
���9 6�c�L,, Mii!fflimll,JJ:ffQJJfl$�" 5::,,�;,,. 51©
1/ 1J ::r ::,,ffitt.lif c, .1/ 1J ::2 ::,,ffif1:Jif�ctl�� h6 7 Jv
�.:::. ry 1,..ljt!�c.©FdJ�c•it 6htu, 1J 7 _;i 51 Jvc, frigi!
. wm E L � -1-� :ffl:nx;9 6 �1!13fflffi c , mc;�f!ij•ffiu: m
-� hb 7 JL, � .:::.r) J,..lji:!fflcO)f'dJ,c•�t6h6W�ffl�
�ci,}l=:f 51 ::,,,cJ:: tJ lolffi¥KM�� h6 Cc ��-c. 9 6
WfflEL'r-<A7v..f&MO)��n$.

( O O 3 1 ) ( 1 4) WME L�-rc, �WME L�-=f
,cttMc! htc.fflimll,JJ:ffQJfflrW� I-5 ::,,:) A 51�W"9-57 -7 
� -1 7? I- 1) 7 7 A���O)Wffi\E L 'r-1 A 7·1,,-1�fi 
���9 6,c�L,, jfrjgcfflimll,JJ:ffQJfflrW� I-5 ::,,:) A 51 © 
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Xm 0) }!£T:£ L t.:::1JIAJ � 7.k--¥:1JIAJ ( fr:1.f �) t v• "? o 1 t.::, m, n &± 2 J;J__t 0) El �tx-e � VJ 

, }E�ifi X ,: T 1-t 5t Lt.:: ti*,±� 1 i: .t3 v • --C _ti], G 0) ffic9IHIJi � � L, 1JU%;r& Z �= r ft �t L 

t.::ft*'j:� 1 ,:.t3v•--C_ti,,GO)§c90Jlll��L, {g%*&Y�:rft�tLt.::ti*t±� 1 �:.t3v•--C 

:ti:�GO)��Di-�L, OO*@IRP�T#ttL�ft*O)�■#_t�GO)��D��L, � 
6fflg1J{:ti:iJ>GO)ffc9IJJlll��T o -t�bi::h 1 -m0)1 i:>O)ff'.§':O)§�ft� it L ... 177'-'G 
n 0) "? i:> O)ff'.§':O) 13 �� � j t Lt.::�%�:, JE�;r&X di_t iJ, G i fr El -e cb � , 'f:!Uft;r& Z i 
,±:ti:iJ>G i fr§"t7'cb"J, fg%*&Yjtt:ti:n'-'G j 90§-ecbVJ ... OO*fill&Pi,j&±_tn'-'G ifr§ 

, 1r. iJ, G j 9� § -e cb "J ... 00 *@I� P i • j tt JE�*'i X i , {!t{f.ft;r& Z i & U'fg %*& Y j ,: �;f.,c � n 

--Cv•�o 
[0019] 

,::. 0) EL f 1 7-. 7
° 
v 1 /, ;r--. Jv l �:.t3 v•--C ,±, JE�� X 1 -Xm t fg%� Y 1 -Y n t "t7'7 l-

1J 7 :J... ��=jg@� nt.:-f-n-t>'nO)iJi�n{@* �il@t L ... 00* fill� P 1. 1 - Pm. n 77{ 1 "".:)O)iJi 

tfHiE!t'¥ 2 o o 5 - 3 o 6 9 o 6 2 
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!tli1i 2 o o 4 - 2 7 3 5 8 o

t� t:--::> � 1 � t.:: �t � it G tL --c Po o 

[0020] 
[®*@�O) @�fflnx:J 
{iiJ;tLO)j@* @� P 1. 1 - Pm. n <b fiiJ-,:fflpjt � tL --C v• 0 0)-Z:, ®*lfil� P 1. 1 - ®* @� 

pm, n 0) ") -l:>1:f �O)®*@� pi. j �= -?v• --c m!:!)ji"" 0 0 � 2 ti®*@� pi. j O)�fjffi @�� 
-c-ib I') ' � 3 tt±. �= ®*@� p i, j & [f@ *@�pi . j + l O)ffl:if'i,_! � � L t.:-¥ffi �-r: &) 0 0 

[0021] 
®*@�Pi. i tt, ®* t L --C O)�fflt E L *r 2 0 c, �mt E L *T 2 0 0) mJIHH: fficffi': 

� nt-: =-? 0) NT-\' i-- )v � 0) �� }- 7 ✓ :J A 7 (£.l r ljH: }-7 ✓ :)A 7 t �c� TO O ) 2 
1, 22, 23C, q'--\'F{:,,7'24C, 'S:-{ijjj.zoo £.lr-Z:-{;;l:, }-7)':}7,,7'2 l'S:-7-,1-;; 
-J-}-7 ;,, :J 7-7 2 1 c , }- 7 ;,, :J 7-7 2 2 'S:-1¥� }-7 ;,, :J 7-7 2 2 c , }- 7 :;,, :J 7-7 2 3 

'S:-lgiJJ }-7;,, :J 7-7 2 3 cftToo 

[0022] 
�2t:�i""J::'?,:, ®*lfil�Pi,j-C-!;t, 7'1-:;-J-}-7;,,:)-7-.72 1,:;Bv•--Ctt, 1/-

7' 2 1 s ;or{"�-%f,,i Y j i:�;im L, F v 1 ;,, 2 1 d ;o1'�fflt EL *r 2 0 O)[OO*�ffi 2 0 a, 
jgiJ] }-7 :;,, :J 7-7 2 3 0) 1/ -7-2 3 s & 7.Y :f-\' 1,:,, 7 2 4 0)-�0)��.! 2 4 B ,:�;im L, 
/-/- }-2 1 g iJ1'5E:1H!X i & 7.Y1:;i� }-7;,, :J 7-7 2 2 O),'f- }-2 2 g ,:�;im L --Cv• o o 

[0023] 
'f¥� }-7 :;,, :J A 7 2 2 ,: j3 v• --C t;l:, 1/ -A 2 2 s i)f�iJJ }-7 )' :J A 7 2 3 0) 1f- }-2 3 

g & U' ;:\'- -\'I'\:,, 7 2 4 O){iJ!jj 0) ��)! 2 4 A t: �:im L, F v 1 :;,, 2 2 d i,1'{,,�ft*l Z i & rYig 
iJJ }-7 :;,, :J 7-7 2 3 0) F v 1 ;,, 2 3 d t: �:im L, /-/- }-2 2 g i,1' 7-1 -:; -J-}-7 :;,, :J 7-7 2 
l0)1f-l--2 l g,&7.YJE:lta':,{JlXit=�:imL--Cv•oo 

[0024] 

4/ 

tgiJJ r 7:;,, :J 7-7 2 3 t:;Bv•--C U, 1/ -7-2 3 s if�ttitE L *T 2 0 0)[00*��.! 2 0 a 
, 7-1 -:; -J- t- 7 ;,, :J -7-. 7 2 1 0) F v 1 :;,, 2 1 d & 7Y :f -\' 1,:,, 7 2 4 0) ��.! 2 4 B &: �:im L 
, F v 1 :;,, 2 3 d i,{,m*�*l Z i & U'*� t- 7 ;,, :J 7-7 2 2 0) F v 1 ;,, 2 2 d i: �:im L, If 

-}-2 3 g i)1'*� }-7 ;,, :J 7-7 2 2 0) 1/ -7-2 2 s ,& 7.Y ;:\'- -\' 1,:,, 7 2 4 0) �;ti,_! 2 4 A t: �
:imL--Cv•o o 

[0025] 
� i:>, EL -r 17-7

°

v11,:z._ Jv 1 �W��ffiHl L --C®*lfil� P 1, 1 - Pm. n 0)7-1 -:; -J- t-
7 ;,, :) 7-7 2 1 t.:: �t ,:�§To c, 1Jfj(O) 7-1 -:; -J-}-7 :;,, :J 7-7 2 1 i,{���;f:i 2 J::. i: 7 

}- 1) 7 7-;!x�:nc91J � n, -¥ffitl L--Cllfil*@� p 1, 1 -Pm, n 0)*1i }-7 ✓ :J A 7 2 2 t.::�t �= 
�§-tot, �f;c0)1�Jt t- 7:;,, v A'>' 2 2iJ{�,��:t&21:.,:: 7 t- 1J 7 Y-.:!xt:ffic9°1J � n, �

ffi1! L --C®*@� p 1. 1 - pm. n O)�iJJ }-7 ✓:) A 7 2 3 t.:: �t ,:�§TO t' 1!t!{O)jgWJ }-
7 ✓ :J A 7 2 3 i)1'���;f:}i 2 J::. t:: 7 }- 1) 7 A ;!xt: �c91J � :rL --C \t• o 0 

[0026] 
( E L f 1 7- 7° v 1 1, i- Jv 0) � fflm J 

E L -y-� -1 7-7
° 
v 1 1 , i- Jv 1 0) � ffl m t: --::> v • --C m !:!)j T o o i f, }-7 :;,, :J 7-7 2 1 - 2 3

O)ijHtm,::--::> 1.t•--cm1:JJ:J--t o o 
[0027] 

� 4 ,;tjgiJJ }-7:;,, :J 7-7 2 3 O)W[ffi�-Z:ib oo � 4 t::�--t J:: '? ,:, j�iJJ }-7;,, :J -7-. 7 2 
3 tt, �*i�t&: 2 J::. ,: %nx: � nt-= /-/- t- 2 3 g t, If- 1-- 2 3 g _t ,: ffinx: � nt-= 'l'-- 1-- � 

�� 3 1 C , ?°'' - f' ��� 3 1 J::. ,: %nx: � :rL f_:-=f.�{$:� 2 3 C C , -=f.�W� 2 3 C 0) J:P 1-: 
$_t�:Mtvt�nt.:-J--\'i,1v1¥��2 3 pt, ¥-�1$:�2 3 c O)fµij!iiffi$J::.,:J:>1,,,,--c}iv•�=M 
rai-t � J:: --3 ffimt � n, -r-\' ;r-.. Jv'f¥�� 2 3 p �:-$:m�-? t.:)G��-=¥-�¢� 2 3 a, 2 3 
b t, 7f��-¥�¢� 2 3 a J::. ,:%nx: � ht-: F v 1 ;,, 2 3 d t, 7f��¥-�¢� 2 3 b J::. 
t:%mt�tLt-:1/-7' 2 3 s c, iPGfflP..X:�tL--Cv•oo �i:>, Fv-1;,, 2 3 d,&7.Y'J-7-2 
3 s t;t-�fflm-Z:-ib-? --C <b _&i.,, L, =�£.lJ::.O)ft�fflm--c·a,y-? --Ct .&1.t•o 

[0028] 
7'1-;;-J-}-7;,,:)7-721,&rY'f¥�}-7;,,:)7-722t, �WJ}-7:;,,:),7..723cfii]• 

lli filf!tl 2 o o 5 - 3 o 6 9 o 6 2 
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!tf!i 2 0 0 4 - 2 7 3 5 8 0 

0)/iflm: t � 0 t 1.t• o t:. <l6, .::. fl G 0) Wroo � �:: --::J 1.t• t t±��-t o o 

[0029] 

5/ 

* �::, }- 7 :,,, :J .7-7 2 1 - 2 3 & cf�-\'/, Y 7 2 4 O)�/i t 1i%iJil Y 1 - Y n ,  JE:11':tJR X
1 - Xm H. U'{tt*fttJR Z 1 -Z m C 0) �� ,:: --::J l.t• -C � 4 ~ � 6 � ffl l.t• -C�l!J3T O O .::. .::. -Z:, � 5
!i, � 3 ,:: iF 2 flt:. V-WJil �:: ifi:} 0 t �ii¾�t& 2 0) � 21HriJ v::-91 Wr Lt:. �tJllilroo � -c-ab l'J ,

� 6 tt, � 3 �:: iF 2 flt:. VI -VU! i:: Ii:} 0 t �ii¾£ffi: 2 0) � 2 n rllJ �:: -9J Wr Lt:. 9dllilrrnf � --c:·
aboo

[0030] 

� 4 ~ � 6 �:iF-t J: "J ,::, .7- ,1 -;; -=f- 1-- 7 '/ :J A 7 2 l 0)7-}-2 l g, 1,1?J� }-7:,, :J 7' 
7 2 2 0) 7' - r 2 2 g , lg� r 7 :,, :J .7-7 2 3 0) 7· -}-2 3 g & U' � -\' /, Y 7 2 4 0) �� 

2 4 A� u-,::1i%irJR Y 1 ~ Y n tt, �t�£;f=Bt 2 J:: �:: .rZt:.-rnf �=mt� 2 flt:.��tt� � 7 :t l--
1J 1/ 7· 5 7 ,1 -$ · .:r:.-:,, -=f-:,, 7·$ �:: J: 0 -c /\ 7 - .:::. :,, 7· Lt:. 'b 0) -z: ab� o 1i%iJil Y 1 - Y n 

tt�iF�tHffiJ �::,z t: t:.�mr.filI O)�fW!lJ�mr.fi%iJ{tfLfl o ffc.iJil-C-ab� o 
[0031] 

1f - 1-- �it¾� 3 1 tt, 7-. ,1 -;; -=f- }-7 :,, :J .7-7 2 1 , i�Hf 1-- 7 :,, :J 7-. 7 2 2 & U't!R� }-7 
:,,,:)7-.7 2 31i?:-C�::�;imLt:.�--C:-abl'.>, 00P'J�::.,.zt:.-oo�::mt�2flt1.t•oo _::0)7'-}-� 
ffii�3 1 tt, �-\'/'1/7 2 40)�.fir].2 4 Ac�.fir].2 4 BO)Faiv::11'-;(£-t����<bjU:1-C.$ 
l'J, J! t:{i%irJR Y 1 ~ Y n � 1'lffl L -C l.t• 0 o 1i%tJR YI~ Y n J:: �:: li-f fl�'fl4��,lffi; 2 3 C 

0)5[; t � � ,lffi; � /\ 7 - .:::. :,, /f Lt��*�� 3 4 iJ{il�t .G fl, *�� 3 4 J:: &:: li:::fif.lt!!im.!f. 

��,lffi; 2 3 a, 2 3 b 0)5[; t � � ,lffi; � /, 7 - .:::. :,, 7· Lt� o *�� 3 5 b{%nx: 2 fl -c 1.t• o 
o 1:¥�� 3 4 & cf{:¥�� 3 5 Ii, 7- 1-- �ii¾� 3 1 ,:: e::,, * - JviJ{%fflt 2 fl -C Li 0 t:. t
� ,:: , e: :,, * - Jv � 1r-Lt fi%iJil Y 1 ~ Y n t , JE1E*l X 1 ~ X m 0) 1.t • f tL iJ· JUi 11H%irl Z 1 
~ Z m 0) 1.t, f fl n· t iJ{ Y 3 - r- L � 1.t • J: "J r: 1¥ � -t � 'b 0) --c:-ab o o 

[0032] 

.7-1-;;-=f-}-7:,,:J7'7210)rv,1:,,2ld ·1/-7'21s, 'f:¥�}-7:,,:J7'7220) 
rv,1/'22d · 1/-.7-22s, ��}-7:,,:J7-.7230)rv,1'/23d · Y-.7-23s 
& cf�-\'/, Y 7 2 4 O)�� 2 4 B � rtt::JE:11':*!X 1 -Xm & cfitt*%*l Z 1 ~ Z m U, 7' - 1-- �

it¾}ffi; 3 1 _l: �= .,.Z f_::-00 �= mt}ffl; 2 fl f_: ��tt}ffl; � 7 ;;t f' 1) / 7• 7 7 ,1 -'ft • .:L / 7 / 7•1t ,:: 
J:0-C/,7-.:::.:,,7·Lt:.i>O)-Z:aboo �.$, �3 �::iF-tJ: "J ,::, JElE*lXi Ii, /f- r-� 
ii¾ }ffi; 3 1 ,:: % mt 2 tL t:. ::1 :,, 7 7 1-- ;t-- Jv 9 2 � 1r L -C .7- ,1 -;; -=f- 1-- 7 '/ :J .7-7 2 1 0) 7 -}-
2 1g&cf'f:¥M:r-7/'YA72 20)7-}-2 2 gt:::tim2tLt1.t•o:J/'77 }-$C 1,::� 
:imL, m%iJRY j t±, 7- t-�ii¾�3 1 t::%nx:2flt_::1:,,77 }-;t--;i,g 4 �11'-L-C:7-.,1 
-;; -=f- 1-- 7 :,, :J .7-7 2 1 0) ',/ -.7-2 1 s ,:: �:im L, *ff }-7 :,, :J .7-7 2 2 0) 1/ - .7-2 2 s Ii 
, 7'- 1-- �ii¾� 3 1 ,::%mt 2 flt:. ::i:,; 7 7 1-- * - ;v g 3 �-fr L -c �tJJ 1-- 5 :,; :: A 7 2 3 0) 

7' - 1-- 2 3 g t :rim 2 fl -c 1.t • � ::1 ✓ 7 7 1-- ffl5 c 3 �= �:im L -c 1.t • � o 
[0033] 

� 4 - � 6 �:: JF T J: -'j ,:: , .7- ,1 -;; -=f-}-7 :,, :J .7-7 2 1 , *ff }-7 :,, :J .7-7 2 2 & U'L5g� 
r 7 ✓ :J A 7 2 3 � cf i:: jE]trJR X 1 ~ X m & cf{!U%irJR z l - z m Ii' .,.z t-:-oo ,:: nx:� 2 flt-:* 

��ii¾� 3 2 ,:: J: -:::> t1Jffl 2 flt l.t• � 0 *��ii¾� 3 2 Ii' �1t 1/ 1J :J ✓ JUiM1t :,,- 1) ::J 

:,,i), G � V)' }-7 ✓ :J .7-7 2 1 ~ 2 3' JE1i':irJRX1 ~ Xm&cf-ttti%*!Z 1 ~ Zm ��it¾{:¥� L 
-Cl.t•�o 

(0034] 
*�ffiil¾� 3 2 J:: v: ttf:i!! {t� 3 3 i)qJJi 2 flt .B l'J , .7-,1 -;; -=f- r 7 :,, :J .7-7 2 l , 'f:¥

� }-7 '/ :J .7- '>' 2 2 & cf�� r 7 :,, :J .7-7 2 3 � c.f ,::JEltir& X 1 - Xm N. U'itt*%ir& Z 1 - Z m
,::J:ol!:'.18iJ{ft11.1t�3 3v:J:0-CMWf2flt1.t•�o -::Ji l'J, ft11.1t�3 30)�oob{f:i!! 
C�-:::>-Cv•O o fj_§_{t}ffi;3 3 E;l:, ;f-'l) 1 � r�O);j;t�§'�i!1t2-i!"f_:'b0)-C-ab� o

(0035] 

�ii¾£t& 2 tr> G ft11.1t� 3 3 i -C-O)fl/itlm: :a- r 5:,, :J .7-7 7 v ,1 �t& 5 o t v• "J o .::. 
0) r 7 :,,, :J .7-7 7 v ,1 �,t& 5 0 t: :B l.t • -C I ;;l: , f 00 tJl L t , .7-,1 -;; -=f-}-7 :,, :J .7-7 2 1 , {¥

* 1-- 7 :,, v A 7 2 2 & cf Jg� 1-- 5 :,; :: A 7 2 3 n{? t- 1J 7 A ;f;1( ,:: �c.9U 2 fl -c "'. � o

IBIDE!tf 2 o O 5 - 3 0 6 9 o 6 2 
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!ff Jjj 2 0 0 4 - 2 7 3 5 8 0 6/ 

[0036] 

� j3 , -:. 0) E L T 1 A 7
° 

v 1 1, i, Jv l � *- J- A x � o/ 1/ 3 :,,, � t L --C ffl v \ � :llrfr, T �

v-;, ��£1& 2 iP G :;jfffl E L *-=f-2 0 O)x; � tl:HI1 L --C ��£;f:oc 2 � *iFffi t L --C ffl v\ � 
�,.g- v= c±, Y- 1- �$i� 3 1 , *���� 3 2 & tF:if :tJHt� 3 3 �= ti�1¥1 �t,tt4 � ffl "\ � 

0 

[0037] 
,2kv:: ... r- 7 :,,:J A?' 7 v1 £1& 5 0 O)*ffiH:1fJii 2tLt.:Jii:ffl::i§:v:-::>v'tmEA-t"�o J- 7 

:,, :J A?' 7 v 1 £1& 5 0 O)*ffi_t ... I!P �, iJZ:!:JHtJll 3 3 O)*ffi_t v: ti, @*�� 2 0 a ;0r

@* lfil� p 1. l ~pm. n � v: 7 J- 1) 7 A �xv= f!ic9IJ 2 tL --c \_;) Q O iflffilJt L --c' @* lfil� pi. j 

0)@ *�;fi..i 2 0 a Ii, � IJ % -J JElttl Xi N.. tf11U%f& Z i iifz. (Y' v: � IJ % -J {§%ti Yi N.. U'{i 
%w!Yi+d:J:�--c1R@2tLt.:iJ�v:%mt�tL--Cv'Go it.:, @*t;fi..i2 0 att, iJZ:!:JHt 

� 3 3 N.. a·*���� 3 2 v= %mt 2 nt.: ::r:,, ?' 7 1-- * - 1v � 1� L --c-=:\'- -v 1,y ?' 2 4 O)t:.fi,.i

2 4 B , A 1 -:,, -1- 1-- 7 :,,, :J 7-?' 2 1 0) F v 1 :,,, 2 1 d N.. a·t�tJJ J- 7 :,, :J 7-?' 2 3 0) 1/ -7-

2 3 s £:ilf:im L --C v' Go

[0038] 
@*t;fi..i2 0 ati ... :;jf�EL*-=f-2 0(7)7_,!-J--"c L--C��TGt;fi..i--C-a;y�o I!P-;, @ 

* � ;fi._i 2 0 a O) ,f± $ � fjct.rr Jt t( 1¥Ji% < , 1& � T � :;jf � E L Jii 2 0 b -" iE f L � �jJ $ J: ( ii: A

T G t O)n�fff i L v"' a it.:, @ *t;ti..i 2 O a ti, Pf1JiJt v: ML --c �i�:l'i. � � L --c v• Go @

*t;fi..i 2 0 a t L --C Ii, 'WO ;t tf, jJ F-7
°

ft"Ht-1 :,,, :J 9 A ( I TO) , �ia F-7
°

fflHt1

:,, :J 9 A, �it 1 :,,, :J 9 A ( I n 2 0 3) , �it A;( ( S n O 2) , �it�i:} ( Z n O) X

ii n F � '7 A -i!�it!fm (CT O) � 3::Jjjt5t t Lt.:. b 0);0�a;y Go

[0039] 

� j3' -=-0) E L T 1 A 7 V 1 I':::(, }V l � J- o/ 7
° 

X � o/ 1/ 3 ✓ � t L --c ffl V) Q �,.g- .. T � 

b -; , ��£1& 2 0) BO.J-fflO � *iF ffi t L --C ffl v' � �,.g- v: Li , @ * �;fi..i 2 0 a t :if :t!H t� 3 

3 t O)rai v:, ilftttii-::>oJ1JtJtOC�1tt0)1,1:jv•OC�1Jll� mt�--t � t Rv'o 

[0040] 

-:.nG®*�;fi..i2 0 at± .. iJZ:l!l.it�3 3_ti:�t.:.-00£:mt��ht.:.�1¥Jilfttt��7 � 
t- 1J 1/ 7· 5 7 1 -� • x o/ -1-:,, 7·1:t v= J: � --c 1, ?' --==- :,, 7· Lt.: 'b if) --c-a;y � o * ifZ ::n � ,: �

IJ%-Jllfil*t;fi..i2 O aO)raEJv:vi, ®*��2 O a tt�B<Jv:�raiLt*@:1f�v:}J!;tEi""�

ilfttt51/'5 ln�, 1§%riY<i-2k), ···, Y(i-2), Yi-. Y(i+2) ... ··· (kl±§��)
cv•-J J: '7 t: -. -::>i IJ*%tflicr&9 0 tliiJ�v:, -9Ui3�v:1,7-.::.:,,7·2n--Cv'Go ilf�
11:7-1/'5 ll.i, ®*�;fi.)!2 0 a0)5ct���l¥12Jttt��.I.o/T ✓ 7·-t�-=-tv:J:�--c

®*t;fi..i 2 o at t t v::1, ?' -=-:,,, 7·� ht.: t 0)--c·a;y � o ilf�tt 51:,, 5 1 O)ti:;;(5jjfijffl1JO)

mJ�ms_t v: ti, *@:1f � v: ftv"'?f/t�O)�� 7 1 ✓ 5 7, 5 7 , ···;OLf-;h,'t''tl%}jjt 2 h "( v'

� a �� 5 1 :,,, 5 7, 5 7 raEJ ;0• G A/::11 L --c v' G ilfttt 51 :,,, 5 1 _tr� tt, -f-h't''tlj%�ffic

w! 9 0, 9 0, ···n�tt� 2 tL --Cv'Go

[ o o 4 1 l

7](:if:1:f � t::fJ.PJ % '7 ®*�;fii.i 2 O a O)rai �= ti ... ®*tfi..i 2 O a t t�B<J �=�*-l L --c *@: 

1f � t= }J!;t[ T Q ii:@.� 7 1 ✓ 5 2 ;O�' {§�� y ( j - 2 k + 1) ... ' y ( j -1) ' y ( j + 1) ' y ( j + 3) ...

··· (kt± §�ti) t "' '7 J: '7 ,: ... -::> i r'J �:ilUcw! 9 1 t liiJ�t:, ®*t� 2 0 a 0)-91j.t3
� ,: I'?' -.::. ✓ 7� � tL --c ") .{) 0 -=- tL G ffi� 7 1 ✓ 5 2 ti" Im □*� 1,1:j < T � t.:. ab�=' jjfij jlj
;0t®*�� 2 O a O)m]�$t:-$�� � J: "J �it G tL --Cv•� 7'J�, ®*�;fii.i 2 0 a O)mJ�$

t � � G � v'ffixg--C-a;y �--ct J: v'o -:. tL � �� 51 :.,, 5 2 0) "J -t ilfttt 7 1 :,,, 5 1 t=��
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?7 2 4 �= -r"" -:J � n --c, !f:ib �ifL (5 ltlimm) O)�mffi-/JrJgJJJ 1- 7 ✓ :J 7-. ?7 2 3 0) ,y-
1- 2 3 g - 1/ -7-. 2 3 s rJJ 0) �EE 0) v « Jv t: �� � tL Q a --f O)f:i 0)9£J'tM ra"l--C-t±, 5E1t;rl

X i -/Jr D - v � Jv �:: i;c VJ , 7-. -1 o/ -r r- 7 ::,., :J 7-. ?7 2 1 ,& cf 1¥� r- 7 Y :J 7-. ?7 2 2 -/Jr ;t 7 ;jjt
i� c i;c Q 1Jr, ;t 7 ;t;ti�O),f¥� 1- 7 Y :J 7-. ?7 2 2 �: J::-? --C .:\=- -v 1,� ?7 2 4 O)�;fi,! 2 4 A fflljO)
��-/J{F,Jj t::il:::&") G tL --C 7 o -T -1 ::,., 7-�*l� ,: i;c 11), jjg:f)J 1- 7 Y :J 7-. ?7 2 3 0) 1/ -7-. 2 3 s
O)�EE-/Jr�tRMra"l-/J" G9S:YtMra"l i:l$1-r--t Q l�H:�� L --c <h, �JJJ I-- 7::,., :J 7-. ?7 2 3 0)3/-

r- 2 3 g-1/-7-. 2 3 s raEJO)�fst�-/J"i'"fO)i i�iH��tLQo .::.0)9SJ'tMraEJ0)'71:J, "'Th

tl:HiE� 2 o o 5 - 3 o 6 9 o 6 2 
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�lJJi 2 o o 4 - 2 7 3 5 8 o �-v-: 10/ 

O)frO)�:!RM rai-e 1b � 1,,, rai, --=> i tJ, 7 □ -;; 7 fi%nt1t-ff�J!i2Jl 9 o & Vf;!US*l Z i O)tf}l 

nt�ffiEL*-=f-2 00)*.J-rilJt;fii.!2 0 c&U'*f;-tfficrJi9 0O)tf}[VcomJ: r)f,1/iv,,,,,1 v«Jv 
0) ra,, J: tJ �•1st O)*f;-tl:,ctJi 9 0 & V'ftUir*"' Z dP G jgf)J l- 7 :.,, V 7' 7 2 3 0) 1/ -7' - F
v 1 :.,, Fai �11'-L -C�ffiE L *-=f- 2 0 �::mfJJtvfEnt�1=n B 0)7JrilJ r:11rEtL, �ffiE L *-=f 2 0
nt9B:JGT � o Jgf)JtvfEO)tvfEffitt�f)J r 7:.,, V 7' 7 2 3 0)7- l- 2 3 g - 1/ -7' 2 3 s Fai
O)tfE �::�:r+-t � t::. fiJ, 9e1tM Fai i:: :B tt � jgfJJtvfEO)tvfEffi tt, �:!RMrai t:: :B tt � li=J6 t

mE (5 l�tmE) O)tmEffi t:: � L < � � o i t::.9B1tM Fai ,:: :BP -c, v•f tLir-O)frO)�:!R:M Fai

0) rai, --=> i rJ 7 □ -;; 7 f�%nt □ - v « Jv t' &> � B{Hi, iitffctJi 9 0 & Vf;!Uf;-rJi Z i 0) tf}l
ntM rilJ t;fii.:E 2 0 c & UJf;-t l'icJJi 9 0 0) t fst V comJ.-.:J-T t' &> � 0) t', � ffi E L *-=f 2 0 t:: jg
fJJtmE&i1;TEtL T9B:JG L � v•o

[0059] 

f!P tJ ... �:!RM Fai g:i, 7' 1 -:; '1- l- 7 :.,, V 7' 5' 2 1 &i, !§gf)J l- 7 :.,, V 7' 5' 2 3 0) 1/ -7' 2 3 

s tfi%tJiY j t O)raii::1tJ6t11iE (5lfktmE) ntvfEtL� J: -5 t::tvtEJE!�%n't L, i�Hf l- 7 
:.,, V 7' 5' 2 ti, *f;-tl:,crl 9 0 t jgf)J l- 7:.,, V 7' 7 2 3 0) F v 1 :.,, 2 3 d t O)rai ,::.J6tmE 
( � I 1k t mE) nt 11TE tL � J: -5 ,:: t triElfa � % n't-t � o 

[0060] 

-f L -C, 96':JGJffi Fai q:i, 7' 1 -;; '1- r 7 :.,, V 7' 5' 2 1 ,i, jgf)J r 7 :.,, V 7' 7 2 3 0) 1/ -7' 2 

3 s n"Gmtn�mfhtmntf�%rJiYj ,::mn�v•J: -5 i::tmlffi�M t-, 1JHt 1-- 7 ✓"1/A 5' 
2 2 ti ... Jgf)J l- 7 :.,,:J7'5' 2 3 (1)7- r 2 3 g-1/-7' 2 3 s FaiO)tfE�1}fHfL-cmiht 
vfEO)tmEffi � -5£ ,::-t � 1b 0)--C:· &> � o -f L -C ... �f)J r 7 :.,, V 7' 7 2 3 ti, 96':JGJffi Fai g:i ,:: fJt 
*f;-*l Z i & U'i%itffcJ,! 9 0 nt,1, 1 v« Jld:: �-:::> t::.� ,:: ... �:!RWJ Fai ,::-3/-- r 2 3 g-1/ -7'
2 3 s Fai v:: -f- -Y -:J � tL t::. tfilf':: Lt::. ntv,. ... �I�,:: MS t, t::. -:k � � 0) tmE � �ffi E L *-=f 2
0 &:: mE L -C �ffi E L *-=f 2 0 � .tgf)J-t � f, 0)--C:' &> � o

[0061] 

c••&a&v*�re•O)�, ffi®a&vmm*J 
.::. .::. t', E L f' ,1 7' 7

° 

v 1 ,1" ;r, Jv l 0) 100 * fj( � W X G A ( 7 6 8 X 1 3 6 6 ) t L t::. t
� ,:: ... 1t-%trlic*l 9 0 &U'*�rlic;rJi 9 1 O)� i L v'�i, ffiffitl �JE�T � 0 � 9 &i ... �®* 
@JlfaP1.1 � Pm. nO)jgJ}J r 7 :.,,:,J 7' 5' 2 3 &V'�ffiE L*-=f 2 0 O)tvfE-tfE!J"ttt�,FT 
7�7 7t'&>�o

[0062] 

� 9 v:: ;f3 v' -C ... �,ill Ii 1 --::> 0) jgf)J r 7 :.,, :J 7' 5' 2 3 0) 1/ -7' 2 3 s - F v 1 :.,, 2 3 d Fai 
�mEtL�li=J6tmEO)tmEffiJU;;t 1 --::>O)�ffiE L *-=f 2 0 0)7 / -F- :tJ 1/-FFai �mEtL� 
jgf}JtvfEO)t1;TEffit' &> V), ;ffi'.,ih Li 1 --::>O)�f}J r 7 :.,, :-l 7' 5' 2 3 0) 1/ -7' 2 3 s - F v 1 :.,, 
2 3 d Fai 0) tEE ( lffJ � ,:: 1 --::> 0) Jgf)J r 7 :.,, V 7' 5' 2 3 0) -3/' - r 2 3 g - F v 1 :.,, 2 3 d Fai 
O)tfE) t'&>�o �g:i, �wilds maxti, ·�-&�� (ffl:1b13,ij�1,,,*�) O)t�O)-J6 
tmE&U<.Wgfht111Et'&> VJ, -iHJHJi Ids midti, ffl:i@J·&�� t ffl:15:•oc�� t (J)raiO)i:J=i 
Fai•&�J�O) t � O)lf:ibtmE& Vjgf)JtmEt'&> It), =.¢.liJU! Vpoti.�fJJ r 7:.,, :J 7' 7 2 3 

O)��ffi•�<•*•�> t�ffi-�tO)�ffi--=>itJe:.,,-f-*7tEE-e&>VJ, -�••v

dst±jgt}J r 7 :.,-:)7' 7 2 3 0)1/-7' 2 3 s - f-
"" v-1:.,, 2 3 d Fai�mttL�li=J6tmEt'&> i'J,

Ti!wl I eHi�� EL *-=f 2 0 0) 7 / -F- 7'J 1/ -FFai �mEtL� jgf)JtmEt'&> � o 

[0063] 

.::. .::. --c:-tEE VPH;;t, ffl:�-&�i��O)jjRf)J f- 7:.,, V 7' 5' 2 3 0) e :.,,-f- ;t 7tfEt'&> VJ, 
tfE VP2&±, mfJJ f- 7:,, :J 7' 7 2 3 ntffl:f.11i·&�f�O)-J6 tvfEntvfE;h� t � (J) 1/ -7' - F 

v-1 ✓raitfEt'&> I'), tfEVELmax (tfEVP4-tfEVP3) tt��E L�-=f 2 0 n�ffl:�� 
oc��O)-:ibtmE t tmEffint� L v'iil�-J!£��0)jgfJJt111Et'9B:JGT � t � (J) 7 / -F-
7'J 1/ -FFaiO)�fEt'&> � o tfE VP2' ,;;1: ... !�fJJ r 7:.,, :J 7' 5' 2 3 i,)ti:J=irai�&�J�(J)lfj6 t 
vfEntvfEtL� t � 0) 1/-7' - r' v 1:.,, raitfEt'&> rJ, tfE (tfE VP4' -tfE VP3' ) t;;t� 
�EL *T 2 0 nti:J=irai�&��O)lfJ6tmE t tmEffint� Lv'J:P rai�&��O)�fJJt11TEt'� 
1t-t�t�0)7/-F-:tJ1/-F�tfEt'&>�o 

[0064] 
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ttJJi 2 0 0 4 - 2 7 3 5 8 0 

.IEfJJ 1' 7 :::,, :J A -7 2 3 N.. V'�m E L J kf 2 0 t± v\f tL 1b �*D'JiJ!�-C�fJJ? -lt � t::. d6 �= ...
(*%�§cJl 9 0 O)§e:JtMra'J�O)�J± VH) iP G (:;!t:ii!H�cf! 9 1 O)§e:JtMrai�O)�J± V com) 
'a:'� L. 5 Iv• t::.fili v x,;;1: ricO)j:\ ( 2 ) 'a:' ijlig t::. -to 

[0065] 
VX= Vpo+ V th+ Vm+ VEL ······ ( 2)

[0066] 
V th ( 11i�tl&�O)�% VP2- VPU: � L. v') UIEfJJ 1' 7 :1/ :J A -7 2 3 O)�fjggEE-c a; 

ltJ ... VEL (ffl:�il&!F.f0)�%VELmaxt:�Lv\) !;;t{ft£EL*-=f-2 00)7J-F-iJ1/
FraEJgEE-ca; VJ, Vmt;;t, Wi�t:r.t, t.:'t"�f:v:-t�it��EE-c:-a;�o 

[0067] 
�ir>G'31=JGipf:t.J:-?t:, gEEVXO)-J�, -&�f�if�(/:t.�f.¥ ... J-7:,.,:JA-72 30) 

1/ -A - F v -1 :::,, ra'l t:�-t � gEE ( V po+ V th) iJ'i'� < i:t. � t t i, t:�m EL *-=f-2 0 0)

7 ,,1 - F- iJ 1/ - FraEJ ,:�-t � gEE VELif� < i:t. � o L. t::.iJr 
-::i 't", ��-EE Vmt±, •.oc

�f�iJr� < i:t. � tl t�ftl < i:t. VJ, ffl:/J-..ft�•EE Vmmint;;t VP3- VP2 c /:t. � o 
[0068] 

�t£E L*-=f-2 0 t±ftl5t-=f-E L;t.t*4-N..V-�5t-=f-E L;t.tf.+t:ir>ir> t>Gf-.fifit89t:g.!F.fg;{t 
L ... �mtJt1t-t � o 1 O O O O �ra'l{�O) 7 ,,1 - F- iJ 1/ - rra'lgEEti1<}JM!F.fO) 1. 41-t5-f.¥ 
& t: i:t. � .::::. t iJ{��? tL 't" v' � o --::> i VJ ... gEE VEU;;t ... µij l:j\:f&�f��-C 1b !F.f ra'JiJrg.--:::>f.¥ 
ra1 < � � o .::::. O)f::.d> ... iEfJJ1<J]M!F.fO)ff�gEE VmiJr�v•f.¥�Mra'J t:bt::.-::> --CfJJ{tiJr*5Ei"" 
� 0)-c:' ... gEE V ELiJr 8 V J,_:J___t, J: VJ� i L < t± l 3 V .l_?L__t t i:t. � J: '? t: gEE V X 'a:' i�5E L. 
-Cv•�o 

[0069] 

.::::. O)ff�gEEvm,:l;;t, {fmE L*-=f-2 0 O)�mm1ttiir> VJ -Ci:t. < ... ? Gt: ... *S�l!icJi 
90�J:�-EE�T0)5.J-i,�itL�o 

[0070] 
fFSffl:l!ici!"& 9 0 O)§c*&mmO)f::_d) ,:.EE�iT1.1{:k � \.,'\ t EL 71 A 7

° 
v-1 J'\:{,)I,, l O)j}fW 

�:t.JiJr� L. < �:k L-C L. i "J t::.d> ... *g,g§c*l 9 0 0)-EE�Tt;;t l V £J.. Tt:�5ET �.::::. c iJ{ 

!ft t: H i L. v, o 

[0071] 

fi��0)---=>0)@*0)£?-ca;�oo*•wpt ... fi��O)@*tt(1366) t ... @* 

'JiJi !� .l.?L :$'1-t: J3 � t � 5 I � fill L. We*& 9 0 a iP G llic a':Jll!iiffi-=f-9 0 b i --c- 0) }Jf £ $ 5t t , ffi * jj !� .l.?L 
:$'H:J3�t�"§l�fillL.Wc*&9 0 aiPGllic*&1tiM-=f-9 0 c i-CO)}Jf�$5tc ... 'a:'��Lt.:t!f:� ... 
EL 71 A 7

° 
v-11, ;t-. ;1,, l o_)J\ :t-- Jv-lj-,,( -7.:'iJ'i' 3 2 -1 ✓ 7, 4 0 ,,( :1/ 70)�%, 5 I� fill L.ffic

a':l 9 0 a 0)��1±--f tL..P'tL 7 0 6. 7 mm ... 8 9 5. 2 mm t i:t. � o .::::. .::::. -c ... iSffl:llic*& 9 

0 O)a':f$;WLN.. V':;lt:imi1ci!"& 9 l O)*JJt$iWLiJr,:t < i:t. � t ... tiJ!!__t{ft£ E L � 2 0 b O)ffiftiJr 

/J-..? < i:t. VJ ... ? G ,:{fi!O)§ca':i t O)li� VJ �1:.�.m. 'a:°9£1:. L. 't"? G /:t. � ffl:EE�iT 'a:' 1b t::. G -t 
t::.d> ... *S.l!ic� 9 0 0)$;WLN..V':!t:imi1ca':i 9 l O)*Jjt$;WU±--ftL..P'tL@*$;WpO) 5 5J'O) l 

J;J.. T t: t!J) ;t � .::::. c iJ{� i L. v' o .::::. 0) J: "J /:t. .::::. c 'a:' � � T � c ... E L -r 1 A 7
° 
v -1 1, ;;r-. Jv l 

0) 1, ;;r-. Jv-lt -1 _;( iJ'i' 3 2 -1 :::,, 7 ... 4 0 -1 :1/ 7 0) :ti};% ... $iWU;;t --f tL..P'tL 3 4 µ m J;J..17'] ... 4 4 
µ m.l.?LP'J t i:t. � o i t.:ff.Sffl:ffic� 9 0 N.. V':!t:imffc� 9 1 O)ffl::k�� Hmaxl± 7 ;7... � 7 1- lt 'a:' 
��T � t ... 1- 7 :1/ :J ;7... 7 2 l -2 3 O)ffl:/J-..1J□I-t� 4 µ mO) l. 51-t5-... --=> i ltJ 6 µmt 
i:t. � o Lt::. iJr -::> -c ff.Sgffc*& 9 o & V':!t:imffci!"& 9 1 O)fi::ktfJrffill S max,± 3 2 -1 :::,, 7, 4 0 
-1 :1/7-c:' ... --ftL..P'tL2 0 4 µ m2 

... 2 6 4 µ m2 C i:t.�o 
[0072] 

.::::. 0) J: "J t:t. 3 2 -1 :1/70) EL -r -1;7...7°v-11,;t,Jv 1 ,:--=>v•-C ... ffl::k•miJrvttn� J: '? ,: 
�.¢.i:*1 Lt::. t � O)lft.i1ca 9 0 & V':!t:imfficwl 9 1 0)-'f tL..P'tLO)ffl::kffl:EE�i T :a:-1 V £J.. T ,: 
T � t::. 51'> ,: ,± � l 0 ,:�-t J: ? ,: , *Sffl:ffcwi 9 0 N.. U':!t:imffc� 9 1 0)-'f tL..P'tLO)ffr.*&ffi:tJt 
$p/tfJrffilJtStt4. 7O/cm£J..Tt:il5E�tL�£-�iJs-a;�o �l lt:3 21:1/70)£ 
L 7 1 ;7... 7

° 
V -1 J'\ :t-- Jv l O)IS.i1ca':i 9 0 & V'�:imfficil"& 9 1 0)-'f tL..P'tLO)tfJrffijff t •mW&

O)fflMM•:a:-�-to i:t.J3 ... __t�L��ffl:£a90N..V':!t:im£a910)ft:ktfJrffiffSmax� 

ilifilf!tl 2 o o 5 - 3 o 6 9 o 6 2 
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4"¥'912 0 0 4 - 2 7 3 5 8 0 �-:J: 12/ 

' �=it:&:� n � tlU1L$ tt, 3 2 1 ✓ +--r: 9 . 6 µ n c m, 4 O 1 ✓ +-z:, 6 . 4 µ n c m t �

�o 

[0073] 

--f L--C, 401 /'-rO)E LT� ,1 7- 7° v1 ,1,i,Jv 1 i:"Jv•--C, J1i:kgvrr:nrvrr:n� J::-) �=�
1�n Lt: t 6 O)*ft�l!ic• g o & V-*:iml!ic.*i 9 1 0)--f n-P'tLO)J1i*•J±Jir � 1 v J.--1 r ,: -t
�t.:&'),:ttngi 1 2 ,:�-tJ:-) ,:, i%�l!ic.;r&9 o&cf;!t:iml!ic;r&9 1 O)--fn-P·nO)f!ic;r&tlUJ[$
p/l!JrrniflS U: 2. 4 11/ c mW.ri:!!i:5E�h�£-�7J�&J�o ngJ 13,:401 /'-rO)E L 

-r" ,1 A 7° v 1 ,, , i, )v 1 0) ift • l!ic;r& g o & u * :im l!ic ;r& g 1 0) --r-n-r· n 0) IIJT mi fl t • ifiE w & 0)
tEl��#{;��To

[0074] 

*%.l!ic;r& 9 0 & (f;!t:imf!ic.;r& 9 1 O)j!j�Jf �= J: I; :th1t L � < � � $Jf�ifnM T F ti, ric.O)
:it ( 3 ) � � t.: To

[0075] 

MT F = A e x p ( E a/ Kb T) / p J 2 •••••• ( 3)
[0076] 

Ea liia-ttfl::.:r..* Jv:¥'-, Kb T = 8. 6 1 7 X 1 0-5 e V, p li*%�l!ic.;r& 9 0 &U'*
:iml!ict&9 1 O)�tJt:$, J tt•111tW&--r:��o

[0077] 

*%.f!icifi 9 0 &lf;lt:iml'ic;r& 9 1 O)j!jjJf�ifnM T F !i�m$0)f:�:k&U.:r.. v 7 1-- o? ,{ 7~
v-�3 ✓ �-�T�o�grea90&U*:imE.9l�Al* (AlTi&UAINd 
�0)%1fi:XtiA l ¥W) ,:i!i:%: L, MT Fn{ 1 0 0 0 0 �rai, 8 5 °CO):t}J1tilffi.&"T:�!$:T
� t' •vrr:w.oc J tt 2. 1 X 1 04 A/ C m2 w.r,:-t�£-�7J{&J�o liilt)H:is�llic.;r& 9 0
& lf*:imffU& 9 1 � C u ,: i!i:%:T � t' 2. 8 X 1 0 6 A/ C m2 

J.,_:L r ,:-t � £-�7J�� � 0 

� ;J3 A l %1fi:F9 0) A 1 W.9'\-.0);ftf-4-li A I J: I; 1h fttv•�1UJt$-Z:' � � .:: t � wH� t L --C v• � o
[0078] 

.::. tL G 0).::. t � �Li: L --C, 3 2 1 ✓ + 0) E L -r' ,1 7- 7° 

v 1 ,1, i, Jv 1 "T: Ii, �.¢.l:J:T;jxfi.�-Z:-
1 0 0 0 0 B:!}rai ,:iftgf!icifi 9 0 & U';!t:imf!ic;r& 9 1 n�i!&� L � v• J:: -) � A I *O)*ftgflicifi 9
O & U*:imllic;r& 9 1 0)--f n-r·nO) l!Jrrnifl S ti, ngi 1 1 iP G, 5 7 µ m2 W,_t£-� ,: � � , 
Iii]�,: C u O)*fi�l!ic;r& 9 0 & V'*:imllic;r& 9 1 0)--f ;h,P';hO) Wrrnifl S ti, ngJ 1 1 7J" G, 0 .

4 3 µ m2 W._t£,�,=��o
[0079] 

--f L --C 4 0 1 ✓ + 0) E L -r' ,1 7- 7° 

v 1 ,1, i, Jv l -Z:-ti, � .¢.('.,t};jx�-Z:- 1 0 0 0 0 B:!} rai ,: i%
•met& g o & V*:iml!ic;r& g 1 n�tit�f L � v• J: -) � A 1 *O)*-f:t•f!ic.ifi g o & V*:imf!ic;r,,i g 1

0)--f;h,P';hO)tf)r[ijfJS,i, ngJl 3iPG, 9 2µm2 £.}__l_£,�,:��- liiJ�,:CuO)if-ft�flic
• 9 0 &U'*:iml!ic.;r& 9 1 0)--fh..P'hO)tfJrffiHl S Ii, ngJ 1 3 iP G, 0. 6 9 µ m2 W,_t£,�
,:��o 

[0080] 
A 1 *O)*ft�l!ic.l& 9 0 &V'*:imf!ic.ifi 9 1 --r:ti, A 1 *O)tlUJt$n� 4. 0 0 µ D. cm CT

� t , 3 2 1 ::.., + 0) E L 7' ,1 7- 7° v 1 ,1, i, Jv 1 "T: U _t� 0) J:. -) ,: l'ic.ifitlUJt$ p / Wf rniffi S
7J'i' 4 . 7 n/ C mW. r � 0) "1:' fiA,ffiffifl s min ti 8 5. 1 µ m2 

t � � 0 .:: 0) t 6 _t�O)
J:-) ,:iS�flict& 9 0 &V'*:imrlicifi 9 1 O)f!ic;r&$iWUi 3 4 µ mJ.-,:Lpq�O)"T:*-S•l'ic.t& 9 0 &
V';!t:imf!ic. 9 1 O)J1i,1J--�� Hmin,i 2. 5 0 µmt�� o

[ o o s 1 l 

it.:. A I *O)*-ft�llic.;r& 9 0 & U';!t:imflic;r& 9 1 0) 4 0 1 ::.., -f-0) E L -r' '1' 7- 7° v 1 ,/\ i, )v l 
--r:,i_t�O) J:-) ,:l!ick&tlUJt$ p /Wrrnifl S 7J{ 2. 4 n/ c mJ.-J r�O)"T: ... jVJ--tf.Jrffifl Smi
n,i 1 6 7 µ m2 

t � � o .:: 0) t � _l_�O) J:.-) ,:*-ftgf!ic�J& 9 0 &lf*:imrlica 9 1 O)l!ic;r&$iW
Ui 4 4 µ mW.P-J�O)-Z:'*Sgf!ica 9 0 &U';!t:iml!icJ& 9 1 O)J1i/J"��Hminli 3. 8 0 µmt
��o 

[0082] 

Cu O)isgflic#i 9 0 &U'*:imllic;r& 9 1 -Z:-li, Cu 0)1,5;:tfC$n� 2. 1 0 µ D. cm t T � t
l:tiIDE!M'= 2 o O 5 - 3 o 6 9 o 6 2 
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!tfJJJi 2 0 0 4 - 2 7 3 5 8 0 �- :J : 13/ 

, 3 2 -{ :1/-J-O)E L-r 1 A 7
°

v-1' /'\:{,Jv 1 -z:ttJ::ifilO) J: "J ,:1Nc.f,,1it:ll\J1i:$ p /WrmilJ S -/J' 4 
. 7 n / C mW-T � 0) -z:' muJ--WrmilJ s min,± 4 4 . 7 µ m2 

t � � 0 .::. 0) t � J::ifilO) J: 7 
�=*ft11tffic.f,,'Jl 9 0 & [f'�:iml'ictl 9 1 O)ffic.tl$iWUi 3 4 µ mW-N � 0) -z:-{f-%1lt11ii:.*l 9 0 & U'� 
:imffictl 9 1 O)jVJ--�llJ Hmintt 1 . 3 1 µmt�� a 

[0083] 
it::. C u O)*ft�ffi:.f,,'Jl 9 0 & cf�:imllictl 9 1 0) 4 0 ,{ ✓ ,f-0) E L 7 1 A 7

° 
V ,{ /'\ ;t ... Jv l -z: 

,±J:�O) J: -J ,:Mc.*l:Ji.UJt:$ p /WrmHJ S 1)' 2. 4 n / c mJ,.:L T� 0)-Z:', M:/J,Wfmi1J S min 
,± 8 7. 5 µ m2 

t ��a .::. 0) t � J::ifilO) J: 7 ,:*ft11tllic.*l 9 o & tf�:imfficil 9 1 O)ffic.il$i 
WUi4 4 µ mJ,JP']�O)-Z:-{f-%11tl'ica9 0&lf'�:imllic*l9 1 O)M:/J-.�llJHmin,i 1. 9 9 µ m 
t�oa 

[0084] 
£),J:.O).::. t iP G, E L -r 1 7-. 7

° 

v ,{ r, ;z, Jv l � iE� _§_ -::)iiHf1lt1J �fl\;: ( iJ.Jft � -tl:" o i: Ii 
, {f-ft1!tffica 9 0 & U'�:iml!ic*l 9 1 '"(''0)1ltJ±�iT � 1 V W-T ,: L t::.1iiJ"ff i L < , .::. 0) J: 7 
� �1-t ,: To t: &i, {f-ft�Dc.a 9 0 & U'�:imffictl 9 1 iJ" A l ffi 0) 3 2 -1' :.,, -r 0)/'\ ;t ... Jv--c-,± ... 
�llJ H iJ" 2 . 5 0 µ m ~ 6 µ m, $iWLiJ' 1 4 . 1 µ m ~ 3 4 . 0 µ m, tlUJt:$iJ" 4 . 0

µ n cm~ 9. 6 µ 0 c mt� VJ, {f-ft1ltffic.*l 9 0 & (f�:imffic.a 9 1 -/J" A l ffiO) 4 0 -1' :1/ -f-
0) /" ;t ... Jv-Z: ,±, {f-ft1ltffictl 9 0 & U'�:im §c.;rl 9 1 iJ, A l ffi O)j:�-fr, lllllJ H iJ" 3 . 8 0 µ m -
6 µ m, $1WLiJ" 2 7. 8 µ m ~ 4 4. 0 µ m, tlUJt:$-fJ{ 4. 0 µ n cm~ 9. 6 µ n c

mt �Oo
[0085] 

� t:, --c A l ffiO){f-ft1ltffic.tl 9 0 &cl�:imffca 9 1 O)�,fr, ffillJH iJ{ 2. 5 0 µ m ~ 6 µ m 
, $1WL-/J" 1 4. 1 µ m-4 4 µ m, tlUJt:$iJ" 4. 0 µ n cm~ 9. 6 µ n cm t ��a 

rliJ�,: ... {f-ft1ltl'ic.;rl go &tf�:imffctl g 1 iJ"C u 0) 3 2,, :.,,-f-0)1'\';r,Jv-z:,±, ffi�H-/J" 1 
3 1 µ m ~ 6 µ m, $iWLiJ" 7. 4 5 µ m -3 4 µ m, tlUJt:$iJ{ 2. 1 µ n cm -9. 

6 µ n cm t �VJ, {f-ft1ltjl!ji:.tl 9 0 &U'�:im§c;rl 9 1 iJ"C u 0) 4 0 -1' :1/,f-O)r,;r,Jv-Z:,±, {f-@
•mc*l 9 0 & U'�:imffc*l 9 1 iJ" C u ffi O)�,fr, ffill1 H-/J" 1 . 9 9 µ m ~ 6 µ m, $iWLiJ"
1 4. 6 µ m ~ 4 4. 0 µ m, tl\:}Jt:$-/J'> 2. 1 µ 0 C m ~ 9. 6 µ 0 C m C: � � o 

[0086] 
� t:, --C C u O){f-%1ltffi:J,,'jt 9 0 Ji U'�:imflic*l 9 1 O)j:�,fr, �� H-/J" 1 . 3 1 µ m ~ 6 µ m, 

$iWLiJ" 7. 4 5 µ m -----4 4 µ m, !l\:}Jt:$-/J" 2. 1 µ n cm -9. 6 µ n cm t � o a 

[0087] 
Lt::.-/J"-:, --C, {f-FJ1ltllic;rl 9 0 &rf�:imflictl 9 1 t Lt A 1 ffi;f'.f;,fEI-X,i Cu �:®ffl Lt::.�ir 

, E L -r 1 A 7° v -{ /'\' ;t ... Jv l O){f-ft�llictl 9 0 & U'�:imflictl 9 1 &i, �� H iJ" 1 . 3 1 µ m 
~ 6 µ m, $iWL7i" 7. 4 5 µ m -4 4 µ m, t1':}Jt:$iJ" 2. 1 µ n cm~ 9. 6 µ n cm 
t�oa 

[0088] 
W,J:O) J: -Ji:, {f-ft1ltflicJtl 9 0 �mEho 1ltvfEO)* � � U-�U O)JEit*lX i ,:�me � ht::. n 

ffl 0) ;f;r ff£ E L 1 k=f- 2 0 i: ¥FIE h � j�iJJ � mE 0) * � � 0) fa ,: � � 0) -z:, V G A W-J: 0)@ * fi--C
iJJ@�-T � � � O) ��M � � R � L � �ir ... �11t �a 9 o O) •�� � #� * L --CL iv 1 

, �ffi l- 7 :1/ :J A -5' 0)-7"- r JU± 1/ - A, F v 1 :1/ 0) J: -J � �Jll"t" ,i n ffl O);f,f;ff£ E L *-=f-
2 o ,:.:ib�mE (-::)i VJ!�iJJ1ltmE) �11iE--ti:,±1.i\:}ft:iJ"jWjT�-oiJ", *�ti&IDt�-z:,±, @;Jt 
@l � P 1. 1 - P m. n 0) � Ill r 7 :1/ :J A -51 0) -'T - r , 1/ - A & "(J' F v ,{ :1/ t Lt� � � 2J -� r:
J:-:, --C {f-FJ1ltffictl 9 0 O):J;'� < t 1b -$ �fflimt L --C \,,l � O)'"Z:'N vl��M Fa'l"Z" iVJ-:, --C 1b �}J!; � 
< +:lt ,: .:ib 1ltmE (51 t&•vfE) � vfE T.::. t iJ"-Z: � o a -t L --c, ff-ft1!tl!icJl 9 0 � � < To .::. 
t -Z:{f-ft1ltl!ic;rl 9 0 � f[\;:tl\:}Jt:1t Lt::. O) '"{:'' *FJ11tl1ictl 9 0 0)$j � � < TO .::. t li"-Z:' � 0 0 -t 0) 
t::. �, ;j-{ 1-- A .::r... � o/ 1/ 3 ✓ O)�-fr, @*mi □ * 0) iJt�-- � M:/J-. mH: mix. o .::. t -/J"-z:-� o o 

[0089] 
rliJ� ,: , 3ej'fJtJJ Fa'l i:�:iml!ic.i'Fl 9 1 i: vfEho JIB••vfEO)* � � ,±, -ilHRM Fa'l ,:{f-FJ1ltl!ic*l 9 

0 ,:vtE:hoft:i61ltvfE (5lt&1!tvfE) O)*� � t rliJ t,�O)"t", 00i*@l�P1. 1-Pm. nO)�� r-
7 :.,, :1 A'>' 0)-'T- r, 1/ - AN. rt F v,, :.,, t ,±�� o 2J11tli �MruJffl:-li1:l! 2 o c ,:�me L -c 

tfHiE!t� 2 o o 5 - 3 o 6 9 o 6 2 

IPR2020-01546 
Apple EX1002 Page 162



!ttJJJ! 2 0 0 4 - 2 7 3 5 8 0 

' \;• � 0)-e, lie*! 9 1 � �� ,: -t � .::. t -JF-C-� , :it@ffic*;,i 9 1 � 1tHlHJt1t-t � .::. t J-p-r: �,

� c.:i ,:M[o]�;fi,.I. 2 o c E1 �-n{��1t L -c .1: "J j@jm}Jt ,: 7'j:-:) -ct MrllJ�;ti..I. 2 o c O)�J± � w
P'J-r:-t1H:-t�.::.t-n{-r,��o 1/E-::>t, 1&J:�tO)@i*�ti,.I.2 O at:fa]t,�fv:�1=n1J□Lt.:

t£-%-r: 1b, t�O)�ffiE L� 2 0 b 0)�7t5_mf.l t tit;t� L < � "J, ffij0J0)�7t5_mf.l�-�-t

� -=- t i.J'i'""('' � � 0 

[0090] 

1 t.:, EL ·Y 1' 7.. 7
° 
1 .. 0( ,,, ;:z, Jv l � r- -:,; 7 .x. � -:,; Y 3 :,.;� t L -C ffl v• t.::l:jj;%, MrllJ�;fi,Ji

2 0 c � J: "J ��11::.::. t i.J'i'--aJ"{f��O)"t'', �fflE L� 2 0 b �� Lt.:7ti.JfMfoJ�� 2 0 c � 

�� q:q: iJt� L � < ij: � o JI v:, -'¥ ffit� Lt 7k f 1f rllJ i: � tJ % .'.j @i *�ti,)! 2 0 a 0) ra1H: � 

:imffic*l 9 1 i.Jf�H G tL -c 1.,. � t.: e')' ®*ml □ $0)iJt:}.,' � fi:/J--�� v:t!{J X. �-=- t i.J'i'"(: � � 0 

[0091] 
E L T� '1 7.. 7

° 

v 1 ,, , ;r- Jv l --C- Ct, fi%*! Y 1 -- Y n ti, 7 r- 1) o/ 7 7.. @i * O)i\'ljg_t, JE�
;%! X 1 -- Xm t �-�EJ<J v: X� L -C v• � 0) -r· v•f hi.J•-jj � r- 7 Y :J 7,. 7' 2 1 -- 2 3 0) 3/- r

ilJ�� t L, 1&1f � r 7 :,.; :J 7,. 7' 2 1 -- 2 3 0) './ - 7.., r v 1 Y ilJ�� t L � �t tLtf i"j: G
� lt•o 1i%*;,5l y 1 -- y n t @r:XT � jE�;JtX 1 -- Xm i.J'i"Jkf Jjfo] t:}!!;1£ L -c \;• � t.: &') ._ ilt*-fr*l 
Z 1 -- Z m � -f tL-z>'tL�!:l;.ll. Lt� Fai �1¥J v: � � m¾RM rai 0) ,h. □ - v « Jv t L, -f tLJ.,.:J.9'1-0) M
rai � r, 1 v« Jv v: -t � t, ilt*-ftwi Z 1 -- Z m � 1Kf nfol v: fficffi: L ._ � G v:, i%%�fficifi 9 0,
9 0, --·�, fr4i!t:��tGtLt.:{!t{f-ft*!Z1-- Zmv:-ftL-f'tL�mc L��ttLtf� G tj:Pf.:e'J, 

�-�EJ<Jv:{f-ff�ffic*l 9 0, 9 0, ---�7k-'f1f[o]v:}!!;1£ Lij:tttLtf� G tj:i.J•-::> t.:o 
(0092] 

.::.O)J:.'.jv:i%%�fficwt9 o, 9 o, •··�lk�nrllJt:}J!;tEL, .::.n,:%v-ttt�:imffic*&9 1 
�lk-'fnroH:}!!;1:E�-tt� t, �fflE L*r 2 0 O)R G B0)9£7t�O)@*frtit±m*t tj:�
o E L f '1 7,. 7

° 

v 1 ,, , :Z- Jt,, 1 ti-�1¥] v: �ffilt-r: tt, ffin fol v: -N; v• o -::> 1 "J , lk-'¥1f fol 0) 

®*tin ti, *00:nrllJO)@j*�m J: VJ*� v•o 
(0093] 

ML t*�:ttt§%i�-r:ti._ ffUfr*!Z 1 -- Zm&rlff.ff�fficJ& 9 0, 9 0, --·��:im�f�,: L.. t 
v•�O)-r:{f-fr�ffic.*&9 0, 9 0, ···O)}Jf1£nrllJ�JE�*&X1-- Xm&rlf:!ti%%*!Z1-- ZmO)}J!;:(:E · 
1f[o]v:%b-tt��-�b'i'�(, {f-fr�fficmlil9 0, 9 0, ·--�JE�*lX1-- Xmli{f{!t{f-fr*&Z1--

Z mt 00:x-t � J: '7 t: v 1 7 r; r -e � � o ::.. 0) t.: e'J ._ {f-fr�ffic*& 9 0, 9 0, ··· & cf�:imffic 

*& 9 1 , 9 1 , ... � *@in fol,: }J!;:(:E � -tt-C, ::.. tL G � �ffl E L � 2 0 b � 1r:ti ,:ttm � !iffi 
� t Lt ffl It•, �ffl E L *r 2 0 0) fa]� t:3ex;-t � �ffl E L � 2 0 b � *@in fol v:}!!;1£-t 

�7,. r717
°

%;!xt L-Cv•�o Lt.:b{-::>-C, �fflEL*r2 QO)RGB0)3€x;�O)@*�tl
tit±, {f-ff�fficwi 9 0 & rl�:imfficwl 9 1 O)}J!;fEn[o] � lk�nfol ,: i9'.it L t.:t£-%0) R GB 0)3e 
7t�0)®*1i� J: "J 1b � v• t.: e'J, J: VJ �?tMtf� £:flint.:�� �,fr'? ::.. t b'i'-e � � o

[0094] 

[�%-WU 1) 

� .:B , * 3B 13JJ tt , _t �c.'.� :tit§ 0) % t� t: �� � � tL � .::. t tj: < , * 3€ � 0) � '§' � :i£g ff}l. L ij: v • i� 
lffl v: .:B "' t, 114 O)c!t.N.� cfl: t9:�t0) �JI �fr-:) -c 1b .& v•o

[0095] 

1:ic�:M!iJFit�--c-,±, �:imfficmlil9 1 ttf.%�ffc*&9 onrx1f.�:ffic9tl�n-cv,�iJ'i', � 1 4 �= 
�Lt.: EL f 1 7.. 7

° 

v 1 ,,, :l Jt,, 1 0 1 0) J: '7 £:, �@1ffol ,: �VJ%'? ®*�;fi,)! 2 0 a O)ralj 

iJ{�tft%�ffic;f:l 9 o -e�-::>t 1b .&v•o -fO)�,g-, �:imffic*& 9 1 ttff.%�ffic;f:l 9 o t raJ-00£: 
%1£ � n t "' � 0) -e ,;;1: tj: < .. ff.%�ffic.*& g o 0) l:n � JF(g�-t � Jffg��_t �=�it n,i'.& v•i.J'i', 
�ffit�Lt7k-¥1frllJ�:�OO*�;fii.I.2 0 a �f±m� J: '7 �: (m+ 1) *O)�;iml!ic.*19 1 �ffic 
ffi:T �::.. t i.J'i'� 1 L v•o 3¾:imffic*& 9 1, 9 1, ···ti®*4l!�: �it G ht.:.::. O)JF(g��O) ::i:,.; 
7' 7 }- * - }v � 1r- l... -c �@j*O)Mfol�ip)! 2 0 C i: -f ;h,-z>'tL�m � tL t v• � 0 {f.fr�fficmlil 9 0 

,;;1:, *00:nfoH:�fflEL�2 0 b�f±tJ)-::>-Cv•�ifli@:�0)--C-, ®*@JJEaP1,j, P2.i, P 
3.i, ······Pm,iO)�fflEL*r2 0 c:ij:��j�£:�fflEL�2 0 b t��1i�-n'i'fi:�-t�
C, 1i�i.J{7k-'f1f[o]£:��T�@i*@JJEaP1.(j-l), P2,(j-l), P3,(j-l), ······Pm,(j-
1 ) -? P l , ( j + 1 ) , P 2 , ( j + 1 ) , P 3 . ( j + l ) , · · · · · · P m , ( j + 1 ) 0) � ffl! E L * T 2 0 C � � � � �=

tlHiE!tt 2 0 0 5 - 3 0 6 9 0 6 2 
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�JDJi 2 0 0 4 - 2 7 3 5 8 0 .«- :,J : 15/

' 1T -fp � \t • J: -j t,: fiI � .ti:¥) o O � ic3 , @ 1 4 t,: � � tL t::. E L -y-· 1 7.. 7° v 1 1, t ... Jv 1 0 1 c: @
1 r:� � nt::. EL -y-· -{ A 7° V 11, i, )v 1 0) rlcli-eK \t• �=Mr.GT O filSJtt,: lli]-0)1�-% �ftT 0 

[0096]
[�nfifJd 2) 
it::., _tic.��tiffi%i�-C-&:i ... f:!US*JilZ1�ZmiJ-fj;t'J, �!S*JilZ1�Zmlicf=i:;,,77 r*

-)v 5 3 ft L -C i'Ffi"lUicf& 9 0 ;,j{ r 7 ::;,, :/ 7.. ?' 2 2 , 2 3 (J) F v 1 :;,, 2 2 d , 2 3 d t,: 2Jjm
L -C v • o if, �iff;";rJ,l Z 1 � Z m ;,j{ � < , i'Ffi"t fficf& 9 0 ;,j-f =i :;,, ?' 7 r * - }v 5 3 � ft L -C r 7
::;,, V 7.. ?' 2 2, 2 3 (J) F v 1 :;,, 2 2 d, 2 3 d t,::2J;im L -C 1b .& v•o 

[0097]
[�%-WU 3) 

it::. ... J:.ic.��:lifil%i�--c-i:t, r '7::;,, :/ 7.. ?' 2 1 ~ 2 3 iJ-f N-r -v ;z-- 1v�O)t��1.J* r '7::;,,
:,/ ;J.. 7 t L tm� �1T-:::> t::. o r 7::;,, V 7... ?' 2 1 ~ 2 3 iJ-f P 1- -vi, Jv�O)t��jJ* r 7::;,, V
;J.. ?' --C' &; -:::> -C 1b _& \t•0 -t-(J)�,@'-... @ 2 0) lmlffrtinx:-C- tt, r 7 :,, V 7.. ?' 2 1 ~ 2 3 0) 1/ -7..
21s, 22s, 23sc}-7::;,,:)';7..?'21~230)Fv1:,,21d, 22d, 23d(J)
�{lt;iJ-f� i,: � o o fJJJ x. tf, igtJJ r ::; :;,, v 7.. ?' 2 3 iJ-f P 1- -v ,t ... 1v� O)t��11* r '7 ::;,, v 7.. ?'
(1):l"J!,@'-t,: ,± ... �f}] r 7::;,, V 7.. ?' 2 3 (J) F v 1 :,, 2 3 d iJ-f�� EL *-=f 2 0 O)@*t;tii)! 2 0
a t,::2J;im L, 1/ -7.. 2 3 s iJ-f�fFf;-;rJ,l Z i t,::2J;imi"" oo 

[0098]
[�%fJU 4) 

'£ f::_, J:.ic.��tiffiJfi�-z:!;t, {§i};rJ,l YI� Y n iJV/- r 2 1 g, 2 2 g, 1/- r 2 3 g (/)
5U::: � 0 2J &t ti:� 7J" G /' ?' -.::.. ✓ 7� � :fL f::. 1b (/) <: &) 0 iJ-f, {§ �;rJ,l Y I ~ Y n iJ-f 1/ -A 2 1 S 

, 2 2 s, 2 3 sN:.U'Fv1:;,,2 1 d, 2 2 d, 2 3 d0)7f:c:�02J�tt�iJ•Gr,7-.::..
:;,, 7� � tLt::. 1b (1)7: 1b .& V' o .:. (J)�,@'-, JE1t*JilX 1 ~ Xm N. [f�i'Ffi"fJ,l Z 1 ~ Z m iJ-f-7' - r 2 1 g
, 2 2 g, /-/- r 2 3 g O)jc c � o 2J&ttl:�iP G /\ 7 -.::.. ::;,, 7· � ht::. 1b 0) t � t'J ... {§�wt
Y 1 ----- Y n iJ-fJElt� X 1 ----- Xm N. rf�fFS*l Z 1 --- Z m J: l'J 1b J:.� t,: � oo 

[0099]
[�%fJU 5) 

it::. ... J:.ic.��tiffi%�7:ti ... -00* t,:--::> � 3 --:>(I) r 7::;,, V ;J.. 7 2 1 ~ 2 3 iJ-f��t G tL -C
\t• o iJ-f, �� E L *-=ft,: 1/ -7.. x,± F v 1 :,, iJ-fw[9U t,::tim � :ht::.Jgt,jJ r 7 ::;,, V 7.. 7 �,rm x.
ft�tt::. EL 7 -{ A 7° V 1 /\ ;r, Jv<:&; :htf, r 7 ✓ 1/ A?' (J)t:l( ... tvfEJgt)J, tEE.;gtjJ(J)iff!H�
�<*����ffl-to-=.c#-Z::�oo 

[0100]
[�%fJU 6 J 
i t::.J:.�c.��tiffi%i�-C-ti ... ��ff r 7::;,, V 7.. ?' 2 2 0) F v 1:;,, 2 2 d ,±�i'FSfJi Z 1 ~ Zm

0)1.t,ftLiJ--t,::fim�:h-Cv•oiJ-f, -=.nt,:�RGT ... �OO*lmlffrPi.l, Pi,2, Pi,3, ..... . 
Pi. n O)�ff r 7 ::;,, V 7.. ?' 2 2 0) F v 1 :;,, 2 2 d � JE1Ef& Xi t,:::tim-t o J: -j t,:: L -C 1b J: v•
0 

i t::.J:.�c�JfifJU �1lt:Jcffi.,h..,@'-b-tt-C 1b J: V'o
[0101]

(�JfifJU 7) 
i t::._t�?.��tiffi%�-r::,±iet:i6tmEc �otEEV LN.tf.®lftlltmEc: �o�EEV H �-- i'Ffi"�

fficiJJl9 Ot,:ffc.1&�-=f9 0 b ... 9 0 cO)pijjjj°iJ"G�fFf;-Lt*StfficfJi9 00)tfE�1for�fft< L
t::.iJ-f, tEE�riJ-fi@i <-ct J: v•�it-r:0:ht;fffic*i�-=f g o b ... 9 o c 0)1.t•fnti--)=,JJO),h..
7J" G{JUf!iT OJ: -j t,: L-C 1b J: \t•0 

[�00 (J)fa�lt � m�l
[0102] 

[@ 1 ] E L -r 1 7.. 7° v 1 1, ;t ... Jv 1 0) Im lffrtlfflt � Jffg��;f:& 2 c c 1b t,: � Lt::. @00 7: &;
oo 

[@ 2] EL -r· 17..7v11, i, Jv 1 O)@*lmlffr Pi. j (J)�fiffilmlffr@-C-&; oo 

[ � 3 ] E L 7 1 7.. 7° 
v 1 1, ,t ... Jv 1 O)@ * Im lffr P i • j Ji U'@* Im lffr P i • j + 1 (J) �� � �

tewE!tl 2 o o 5 - 3 o 6 9 o 6 2 
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tttJJJi 2 0 0 4 - 2 7 3 5 8 0 �-:}: 16/E 

L- t� f ffi � -z:- 31) � 0 

0 

[ � 4 ] IIR it r 7 ✓ 1/ 7-. /j' 2 3 0) -r "" ,t, }v $1 i = W[ ?x: T � 00 "c' liffi: Wr L-t� Wr 00 � -z:- 31) � 0 

[ � 5] � 3 �::iF � nt�V-Vt,,'R0)*1llflrffi�--C-a,� o 

[� 6] � 3 �=iF�ht�VI-VH&0)*1lWrim�-c,a,�o
[ � 7 l E L 'T ,f A 7

°

V 1 J \ ,t, )v l 0) � � E L !ii 0) V 1 7 '7 r � iF-t lllj§,f 00 �-z:-31) � 
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• 

!tlJJI 2 o o 4 - 2 7 3 5 3 2 3/ 

1t*!t:¥J:im L, 
Rtr�c.:tU&O)*� 1-- 7:;,, :J A 7 0)7-r iJ{lfij�e,,3/-r ��-t:Jfi..6Jt � ht.:: ::r:;., 7 7 r *-

Jl, :a:-1r L --cRtr�c.JE3!H,,'Jl t:¥J:im L --c v' ,Q o 
[0011] 

*3€� 0) T� 1 A 7 v 11, ;t-. Jv Lt,
£if& t'
Rtr�c.£if:&_t t: 7 r 1) 7 A ;jx t: ffc.90 � h, 7 -r t '.I -A . F V 1 ✓ t 0) fa"J t: �f-r ��

Rffi1rftT.QWftO)mnr7/'Y.A7C, 
Rtr�c.Wff(l).wgn t- :; :;,, :J A'>' 0)3/-r t t t t:1, '>' -=-:;,, 7· � n ... 1ru�c.£if:&_t t: .t31,,,, --c

Pfrk(l)n[Q] t:�ftT ,Q J: "7 t:ffc.90 � nt.::Wft(l){i%*& t, 
Rtr�c.lfft(l).wgn 1-- 7:;,, 3/ A 7 0) '.I -_A • F v 1:;,, t ti, &:1, 7 -.:=.:,, 7· � n, lru�c.3/

}- ��■:a:-1r L --CWi�c.WJiO){i%*& t :X�T ,Q J: '? t:ffc.90 � h, �-r 7:;,, 3/ A 7 0) '.l
A t F v1 /' 0) -J � O)-jf �¥J:im L�Wft(l)m�a t, 

Rtr�c.titx(l)misat: i&-:) --Cwj�c.*itxO)ffU€i*& &:-t-tt..P'ntt� � nt.::1itx(l){f.%aff2.*& t, 
Rtr�Wft(l).wgn1--:;:;,,:JA>10)'.J-AtFv1:,,0)�n�-t-n�n¥J:imL�•n(l)@• 

-�t,

Rtr�••O)®••�-t-n�n�..6Jt■�n�Wft0)3£��t,
1ru�ttft0)���:a:--WL���-ffit,
:a:-'Pm ;t ,Q 0 

[0012] 

�iL(,i, _t�c.T-1'A7
°

v11,*Jv-/J{, lru�c.1iff(l)}-7:;,,:JA70)'.J-A · Fv1:;,, 
t t i, t:1, 7 -:::. ✓ 7" � n, Rtr�c.7-r �fl■ :a::-1r L --Clru�c.1iiiO)ffUSi& t :X�T ,Q J: '? 
�c.90 � n t:. •• 0) JElt*,,'Jl :a:- J! t: ffi ;t ,Q o 

[0013] 

*�� O)�O) T 1 A 7 v 11, ;r-. Jv tt,
£if=&t'
ITT�c.£if:&_t t:��t G h, 7-r t '.I -A · F v 1 :;,, t 0) fai t: /./-r ��RiJ{1rftT ,Q r

:y:,,:JA7t ... 

lru�c. t- :; :;,, :J A'>' 0)7-r t t t t:1, '>' -:::. :;,, 7· � n, 1ru�c.£if:&_t t: .i3 v' --CPfrkO)n[Q] 
&:�ftT ,Q J: -J t: ffc.90 � ht.::1i%i& c ...

lru�c. r 7:,, 3/ A 7 0) '.I-A · F v 1:;,, t ti, t:1, 7 -:::. :;,, 7· � n, lru�c.3/- 1-- ��-:a:-
1r L--CITT�ffl%a t :x�T .Q J: 1 ��� � h, ITT�r7/'Y.A70) '.J -Ac F v 1 /'0) '? 
� 0)-n t:¥J:im L t.::m*€i*,,'R t ... 

ITT�c.11usat: re--? --cRtr�r.mt€ia&:1.1� � nt:.t%affc;r& t, 
lru�c. r 7:;., 3/ A 7' 0) '.I -At F v 1 ✓ O){tJ!.n t:�m � ht.::3€�-r c ...

:a:-ffi ;t ,Q -:. t :a:-ttt� t T ,Q o 
[0014) 

*3€� t: J: htf ... f�%*!iJ{jgfjJ r 7 ✓ :J .A 7 ( l- 7:;,, :J A 7) 0)7- l- ct i, t:r, 7 -
:::. ✓ 7· � n --c v' ,Q iJ{ ... ff.%affiU&-n{m{f.€i;rJjU:tt� � h --c v' ,Q ii· G, {f.taffc.i#.iJ{jgt}J r 7 ✓ :J 
A 70) Fv1:;,, · '.I-A · �f-rt i±BIH:Jfimt�h.Qo -z-O)f:.� ... ff.Saffic*f0)$:i:a:-J.t < -lt 
T t i, t%a�c.*! :a:-W. < T ,Q -:. t iJ{

--c- �, {f.%ar1ic.*& :a:-f5:tl\J1L1t-t ,Q -:. t iJ{-r: � ,Q o -z-0) t:. � 
, ff.€ia�2.*1 :a:-:im ct t!Rn t- :; :;,, :J A 7' . 00••1ii)n:1�% :a:-1:1:r1J L t:.�%-r: t, ai±�tr :a::
t!JJ ;t ,Q -:. t 1.1{-r: � ,Q t t t t: fi %:ill:@; i, t!lJ ;t ,Q -:. t i.1{-r: ,Q o 

[0015] 

it.::, mi€i*&n{f�%-O)_t� t � .Q -/J· G, r 7:;,, :J A 7' 7 v 1 £if& ... T 1 A 7
° 

v 11, *
Jv 0) �:@�fit: .i3 v' --c 1!U€i*! t: ai± :a:-1::n:JJ□ Lt:. ;jx� --c- _;,e -:1 � � t: &rnT ,Q -:. t t: J: -? --c,

m*€i*!t:11� � nt:.it•�2.*1 :a:-mt:R � -lt ,Q-=- t 1.1{-r: � ,Q o
[��O)r:iJ*l 

[0016) 

*3€� t: J: ;t-U;f' ... {f.€i-�c.-:a:-W. < -t ,Q-:. t 7){-C- � ,Q 0)-C-, {f.€iaffc.*lO)f5:�m1tT ,Q-:. t
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• 

!tf JjJi 2 0 0 4 - 2 7 3 5 3 2 

-Jp·e � 0 0 fr-%�r!icnil0){5:tlU1i:1tt: J: 0 -c f8%:il!}JL �J±�lr �p:p ;t O.:: C -JP<:� 0 0 

[3€� ��Mlii"" o t.:&'JO)�N_O)%!l�l 
[ o o 1 7 l

4/ 

£J. r i:, 2fs:3e� � �Mlii"" o t.: &1J O)�N.0)%!l� �= "J v"-c �w � ffl v• -cm�-t o o 1!H---, £L 
r i: �� o �MliJFit� �= tt, 2fs:3e� � �Mli -to t.: &1J �=tt1Jl:r 8"J �= �t t L v•li 4 0) �R5Ei1�1t � n
-c v• o iJ{ ... 3€� O)Jfilffl � £J. r 0)�1J"fli%i�& tf�JF�H: �R5Ei"" o t O)� ti: lj v•o 'it.: ... £J. r
O)m� �: J3 v• -C, .I. v 7 l- □ Jv � ;t-.. -;; �:,,, 7- (Electro Lumin escence) c v• -J ffli-g-� E L

c��Too

[0018] 

( E LT ,1 7- 7
° 
v -1 ,,,, i-- Jv O)��fflmt) 

� 1 i: tt ... 7 7 T ,f f? }- 1) 7 A,;gt)Jjj�O) EL 7� 1 A 7
° 
v-1 J'\i-.. }v l O):ffOC��il�JF � 

tL -C v• o o � 1 i:JF-t J: "? �:... E LT 1 7- 7
° 
v 1 J'\ i-- Jv l ti:, :::/t��t1: � ;;ffi"" o PTmtt.O) 

:,,,- l- ;j}Z:JZ.ttJlllljtt_O)f&;jxO)�*�lU&: 2 c ... lf. v• i:::qzfi c lj o J: "? ��£1& 2 J:. i: ffic91J � tL 
t.: n ::ifs: (iltx2fs:) 0){§%*! Y 1 ~ Y n c ... �r�£:t& 2 �fffitJ! L -c 1�%*! Y 1 ~ Y n i::M L -c
�3'.ti"" o J: "? �r�£:toc 2 J:.�:ffic91J � tLt.:m::ifs: (titx2fs:) O)JE1H!X1 ~ Xm c ... JE1H!X1 
~ Xm 0) ,f tL-f'tLO) rai �= i3 \t•-CJEltwi X 1 ~ Xm c ffr Ji "J lf. v•:itv• c lj o J: "? ��£:toc 2 
J:. �= �c91J � nt.: m::ifs: (*ltx2fs:) O)�fr-%iFJil Z 1 ~ Z m c, {§%if! Y 1 ~ Y n & (l'JEltiFJilX 1 ~ Xm 
�=fd--? -c-z l- 1) 7 7-;j}Z:c lj � J: "? ��£:toc 21:�=ffic91J � ht.: (m x n) ffO)@�@]lEfl P 1.

1 ~pm, n C' f ffitJl Lt {JU%n:l z l ~ z m ,:Ml.., -c ffr C lj O J: "? filt�t G tLt.:iltxO){f-fr�r!ic 
wi 9 0, 9 0, ... c ... fffitJ! Lt {§%n:Jil Y 1 ~ Y n �=*-r L tflr7JltiJ �=!�HG tLt.:itimr!ic*l 
91, 91, ···c, �ffliitoo 

[0019] 

£J.r�tt ... {�%;r!Y1~YnO)g�L,t.:jjltiJ���jjltiJ (9'J7JltiJ) cv•v•, JEltn:lX1~ 
Xm 0) JJ£� l.., t.: jjlti] � 7.k-¥ jjlti] (fijj !ti]) c v• "? o i t.: ... m, n {i 2 £J.J:. 0) 13 ��� � VJ 
, ;e1U! x r.: r 1-t &t Lt.: Ix* tt � 1 �= J3 v• -c J:. /.J, G 0) r!ic�IJJQJt � :1f_ L, �t%ir& z ,: r 1-t �t L 
t.:�*'± � 1 i:J3 v•-C J:.i,J, G O)ffc91Jfi!Jl � � L ... IB%;r& Y �= rN�t L t.:li* ,± � 1 i:: i3 \t• -C 
le iP G 0) r!ic.91] fi!Jl � :1f_ L , @ � @J 1Efi P �: r {,J-�t L t.: �* 0) 1W fflU iJ{ J:. ii· G 0) ffic.91] fi!Jl � � L ... 1& 
.-Si]lUiJ{lciJ•GO)ffic.91]/I[i��T o i""ljt

Y
i::>, 1 ~mO)-J i:,O)ff:�0)§��� i CL ... 1-/P·G 

n 0) "? i:,O)ff:�0)§��� j c Lt.::m-,g-i:, JEltiFJilXi liJ:.iPG i fi§-c-� IJ ... 1!:t1F%*!Z i
,±tc iV'' G i fr§ --c-� t'J ... {8%r& Y j ,±tc t,, G j 9lj § �-� l'J , @ �@] 1Efi P i • i ,± J:. i,J, G i fi § 
, ti:-IP G j 91J § -C' �VJ, @�@]lEfl Pi, j U;elt*&X i, �fr-%*! Z i ,& tr{�%*& Yi ,:�{m � tL 
-c "' 0 0 

[0020] 

{f-%�ffic;r! 9 0, 9 0, ···O)fKt:txi± m2fs:-C' � t'J , �*%�ffc;i:l 9 0 ,±, ��£:toc 2 O)::ti:ffllj 0)
•�90bc�■ 0)•�90c0)00■�G ... •�-to•�••�•-t•J±vL&tf��•
• � •-t�EE VH/.J�l=n1J□ � tLo O)�, ::ti:ffllj 0)-� 9 0 b c �ffiq O)•r 9 0 c 0) v•ftL;o,-
jjO) �� G -fE VL,&tf.J± VH� ��-t�J:�1b�-�-900)·J±�r �� < P:P� o � 
cil{��oo �*fi.r1ic*l9 0, 9 0, ···ti, ��*ri*&Z1~ZmO)J:.ffij�:���;i:!Z1-Zm

t ��1¥-J �=�mi"" o J: "? �=%mt� tL t v• o o 
[ 0 0 2 l] 

�:imffcw! 9 1. 9 1, ··•O)��i± ... n + 1 ::ifs:--C-� VJ, 1-r7JrtiJ,:��i"" o �:imffc;r! 9 1, 

9 1 i±,f:h-GO)Fait:1t-tti""o��E L�r (3e:7f;*�) 2 0 O);;fr�E L� 2 0 b �Jvt,lffl;� 
�=fr� 0 !Wi� C l.., -c 1b �HE L -c \t> 0 0 �:imffic*& 9 1 • 9 1 ' ... ,±iwffllJ�5 I�@] L ffc;i:i 9 1 

a c �m � n... 1& ;s ffllJ � 5 I � @J lAicwJil 9 1 b c �m � tL -c i3 � , 5 I � @J L ffcr& 9 1 a , 9 

1 b ,i�:imffc*& 9 1 , 9 1 , ··· c liiJ t:,lffl;�-c-� � , 1W1i7JltiJ i::;;tr� E L � 2 0 b � Jvt,lffl;� 
,::1±� o !Wi� t L -ct �HE L -c v• o o �:imffc*& g 1 , g 1 , •·· ,iffc*!�r 9 1 c i: J: 0 -c

>'i-im c �m � n ... ::i -=E :,,,�{SL V comiJ{f=n1J□ � tL t v• o o 

[0022] 

.::. 0) E L -r-, 7- 7° v -1 1" i-- Jv 1 ,:: i3 v • t ,±, JEltwi X 1 -X m c f8 %wi Y 1 ~ Y n c � -z l-
1J 7 A ;jx �= �@ � tL t.: ,f h-f';h,0)'jj�i,{@ * � fflmt L' @ �@] 1Efi p l. 1 ~ pm , n i,{ 1 ":) 0) '1iJi 

llifilf� 2 0 0 5 - 3 0 6 3 2 2 3 

IPR2020-01546 
Apple EX1002 Page 188



I 
• 

ttf!Ji 2 0 0 4 - 2 7 3 5 3 2

J� t:-? � 1 � t.: �tfilt�t C_:d1, --C v' � o 

[0023] 
[®*@J�O) fill�ffllmt) 
{ilJtLO)@*fill� p 1.1 -Pm, n t fii]-,=m� 2 tL --C\t'� 0)-C', ®*fill� p 1. l -@*fill� 

Pm. n 0) "? -1:>ff:�O)@*fill� Pi. j v:-::>1.t,--cm�-t �o � 2 ti@*fill� Pi. j O)�fjffi@J�� 
--C-j;yl'), �3, �4&i.:Et:®*fill�Pi,j0)1lt;fi,].�5f-Lt.::fffi�--C-J;;�o �B, �ffi�J! 
-?T < T � t.::(IJ ,:, � 3 t:;J3 "' --c &i®*fill� Pi, j 0)@*1lt� 2 o a 0)�5f-��� L, � 
4 ,: B v' --ca®* fill� Pi. j 0) T�fflU 0)1lt;fi,].O) �5f- � ��T � o 

[0024] 
®*fill� Pi. j ti, ®* c L --C0),1f�E L *-f-2 0 c, -1f�E L *-f-2 0 O)m.Jlffl v:flic.ii: 

2tLt.::--?O)N-f-"'73f,Jv�0)7.:CJv77A1/ 1) J✓�,lffi;}-7/'1/A?' (tJ-T1iU = l-7✓1/ 
7-. 7 c �i:.� T � o ) 2 1 , 2 2 , 2 3 c , 4"- -v /, Y 7 2 4 c , � 'Pin x � o tJ-T--C-&i, l- 7 

✓ :J 7-. 7 2 1 � 7-. -1 -;; + }- 7 ✓ V' 7-. 7 2 1 c , l- 7 ✓ :J 7-. 7 2 2 � 1¥N l- 7 ✓ V' 7-. 7 2 2
c, l- 7 ✓ :J 7-. 7 2 3 � tgJ}J r 7 ✓ V' 7-. 7 2 3 c fti"" � o

[0025] 
�2v:5f--tJ:-Jt:, ®*fill�Pi.i--C-,i, 7-.-1-;;-f-l-7/':l7-.72 l,:;J31.t,--cti, 1/-

7-. 2 1 s f.l{{"�-�*& Y j ,:�jm L, P v-1 ✓ 2 1 d i.){��E L *-=f 2 0 0)@*11t,fi,]. 2 0 a, 
�gJ}J r 7 ✓ :J 7-. 7 2 3 0) 1/ - 7-. 2 3 s Jj_ lj -t- -V /, 1/ 7 2 4 0) _t� ffl:� 2 4 B v: �:im L, 7' 
- r 2 1 g f.l{'f¥tf l- 7 ✓ :J 7-. 7 2 2 0) -3/ -l-2 2 g lit cf:,!t1t*& X d: $:im L --C v' � o 

[0026]
1¥N l-7 ✓ V' 7-. 7 2 2 ,: ;J3 "' --C &i, 1/ -7-. 2 2 s f.l{tgJJJ r 7 ✓ :J 7-. 7 2 3 0) 7' - r 2 3

g litcY4"- -v /,:,, 7 2 4 O)T�1!t,fi,]. 2 4 A &:�;im L, P v-1 ✓ 2 2 d f.l{IJRJJJ l-7 ✓ :J 7-. 7 2
3 0) F v-1 ✓ 2 3 d 7J..cffJU%� Z i t:$:im L, -3/- l- 2 2 g f.l{:7-. -1 -;; + r 7 ✓ :J 7-. 7 2 1
0)-3/-l-2 1 g lit cf:,!t1t*&X i v:�;im L --C v' � o 

[0027] 

;gJ}J l- 7 ✓ V' 7-. 7 2 3 v:;J31.t,t&i, 1/ -7-. 2 3 s f.l{-1f�E L *-f-2 0 0)@*11t,fi,]. 2 0 a 
, 7-. -1 -;; + r 7 ✓ V' 7-. 7 2 1 0) F v -1 ✓ 2 1 d lit cf-t- -v /, 1/ 7 2 4 0) 1t,fi,]. 2 4 B t: $:im L 
, Fv-1✓2 3 df.l{'f¥tfJ---7/'::j7-.72 20)J-'"v-1✓2 2 d7J..cf,mt€i*&Ziv=�:imL, -3/ 
-l-2 3 g i.l{1¥tf l-7 ✓ :J 7-. 7 2 2 0) 1/ -7-. 2 2 slit cf 4"- -V /,y 7 2 4 O)T�1lt� 2 4 A
t:�;im Ltv'�o

[0028] 
[fffi v-1 7 r'J t- J 
� 1 -� 4 v:5f--t J: '? ,: , E LT

+ 
-1 A 7

° 
V -1 /'\ ;z ... Jv 1 �� �fffitJ! L t.::j-£-i?;'-, :,t:1t*& X

1-Xm c,mi€i*&Z 1 -Zm&i:Xlf.v:f1ic.91J 2tL, i%�ffic.*& 9 0, 9 0, ···f.l{�U%*!Z 1-Zm &:
-f-tL--f'tL!i � 0 --c "' � o i t.::, ,m�*& Y 1 -Y n c ::f:t:imffic*& 9 1 , 9 1 , ··· &i:x:lf. ,: f1ic.91J 2
tL--Cv'�o

[0029] 

� 3 -� 4 v: ffi T J: "? v: , @ * fill� P 1 , l -P m , n 0) '? -f:> ff:� 0)@ * fill� P i , j v: � § L 
t.::t£-i?;'-, fffitJ!L--C, fa�*!Yj c::f:t:imflic.�9 1 cO)rai--C-j;y-?--C, :,!t1t*&Xi c,m*%*!Zi 
c 0) rai v: &i, .:: tL G v: J: 0 --c lffl � 2 tL t.:: �eJfJ iJt � ifJfJ mt '2 tL � f.l{, .:: 0) leJfJ iJt � P-.1 t: ;fif � 
EL*-f-2 00)®*1t,fi,].2 0 ai.l{fficii:2tL--Cv'� o 1,E-?--C, ELT

+
-17-.7

°
v,1/,3{,Jvl�

��fffitJ! L t.::r£-ir, :t,j[�0)00*11t� 2 0 a i.l{? l- 1J 7 7-.�:R&:Jlic.91J 2 tL --C "' � o � i:3, @ 
*flU!l].2 o a a, fffitJ!Lt.::r£-i?iv:��JJroJv:�R�le%�t=mt�tGtLt1.t'�o

[0030]
f ffitJ! L --C, 7-. -1 -;; + l-7 ✓ :J 7-. 7 2 1 iffa�*! Y i ,: i& '? J: '? ,: fficii: '2 tL, -f-0) 7-. -1

-;; + l- 7 ✓ V' 7-. 7 2 1 f.l{®*11t,fi,]. 2 0 a O)�ii[H: Ii� 0 --C v' � o 

[003 1] 
i t.::, f ffitJ! L --C, 1¥N r 7 ✓ :J 7-. 7 2 2 i.l{:,!t1tff& Xi t: fil--J J: -J t: ffic.ii: '2 tL, -f-0)-{¥ 

N r 7 '/ V' 7-. 7 2 2 f.l{®*11tt,,]. 2 0 a 0)�$ t::ffi: �-? -C \t' � o 
[0032] 
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• 

!tllDJi 2 o o 4 - 2 7 3 5 3 2 

0 

[0033] 
it::., .I!ZffitJ! l --c, � -v /'\ 1/ 7 2 4 f±:3¾:ii!H�c*l 9 1 , 11Ui!�Ii Z i & rtfi�*Jil Yi �: i& 1 J: 

'7 v: ooi*�;fii.! 2 0 a 0)�$ (:£ �-=> --C v• � o 

[0034] 

6/ 

� .t3 , E L 7' -1 7-. 7
° 

v 1 / '\' ;r--Jv l ���.If ffi tJ! L --C 100 *@ � P 1 . 1 ~ P m . n 0) 7-. 1 o/ f- r-

7:.,, :J 7-. 7 2 1 t..:�t �=� § T .o t, 1l�0)7-.1 o/ +- 1-- 7:.,, :J 7-. 7 2 l iJftfHJ£;fliz 2 J:.v: 7
l- 1) 7 7-. ;tJU: llic9U 2 fl, 5¥ffitJ! L --C Imi*lill� P 1. 1 ~Pm. n O)'f:¥:tif l- 7 :.,, :J 7-. 7 2 2 t..: �t �=

� § -t � t, :m�O)** r- 7 :.,, :: 7-. 7 2 2 nf��£11iz 2 J:. v: 7 t- 1J 7 7-. ;lid: flic.9U 2 n, .If

ffitl L, --Cooi*@� p 1. 1 ~ Pm . n O)!g'jjJ !-- 7 ✓ y A 7 2 3 t.:�H=�§ T � t, �ff{O),;g'jj] J--
7 :.,, v 7-. 7 2 3 i)f*-@�£11iz 2 J:. �= 7 J-- 1J 7 7-. ;f:x �= flic9U 2 h --c "' � o

[0035] 
( E L 7 -1 7-. 7

° 

v 1 /'\' ;r--JvO)]iffi:i§:J 
E L 7' -1 7-. 7

° 

v 1 /" ;r--Jv l 0) Ji ffi :i§: v: -::) v • --Cm� T � o i T, r 7 :.,, :J 7-. ?' 2 1 ~ 2 3 
O)Jiffi:i§: v:-::) "' --c � 5 ~ � 8 � ffl \t• --cm�-t � 0 -=--=--r:' � 5 (i, � 3 �=� � ht::.V-V� 
v: td-=> --c ��£:;f=Ji 2 0) 1¥ � 1i [i:iJ �:-W IIJr Lt::. :9dJ!IIJrffi �-r: ifJ VJ , � 6 ti:, � 3 t: ��ht::. VI 
-VHt �= td-=> --c �ii£11iz 2 0) J!1. � 1i [i:iJ i: -W IIJr Lt::. :9<2tllIJrffi � -r: ifJ VJ , � 7 ti, � 3 v: � 2
ht::.VII -VIHJil v: fil-=> --c *-@�£:;f=Ji 2 O)J¥ 215 [i:iJ �= -W IIJr L t::.:9<2tlttlrffi� -r: a;y VJ , � 8 (±, �

3 v: � 2 ht::. VI I I -VI I I� v: i'd-=> --C ��tl:;fliz 2 0) J!1. � 1i IQ] v: � ttJr L t::. 9<21.J! IIJT ffi � '1: a;y .o o

�.t3, �5~�7--C:(i, ®*@�Pi,iO)�O)@*@�Pi.i-11l>-$lF2-h--Cv•�o
[0036] 

� 5 �:�-t J: '7 v:, 7-. 1-:; f- !-- 7:.,, :J 7-. 7 2 1 (i, ��ti:;fliz 2 _ti:%�� ht::./f'- !-- 2 
1 gt, -'T- !-- 2 1 gJ:.�:%�2-ht::.-'T- J--���3 1 t, -'T- r*-@��3 1 �*lv--C:-'T 
- 1-- 2 1 gv:M[Q]Lt::.¥-$��2 1 ct, ¥-$��2 1 c O)i:p:;P;:$J:.v:%�2ht::.+--v::t,
Jl,f:¥:��2 1 pt, ¥-$��2 1 c O)jilij!!ffij$J:.v:.t3v>"Cliv•,:lifftrai-t� J: -J%nx:�h, f
-v ;r,Jv,f%�� 2 1 p i:-$.m:�-=> t::.�ftit!!lo/.J¥-$�� 2 1 a, 2 1 b t, �ftit!!l:m¥-$�� 2
1 aJ:.v:%nx:�nt::. Fv1:.,, 2 1 d t, �ftit!!l:m¥-$��2 1 bJ:.v:%nx:�nt::.Y-.7-. 2 1
st, iJ·Gffinx:�n"Cv"�o �.13, Fv1:.,, 2 1 d&U'Y-7-. 2 1 s tt-Jiffl::i§:--c'ifJ-=>"C

i .& v , L , =11 tJ. 1:. 0) fl Ii m:@ -r: a;y -::> --c i .& " , o 

[0037] 
� 8 v:�-t J: -) �:, 1:¥:tf !-- 7 :.,, V 7-. ?' 2 2 (i, ��tl:;fliz 2 J:. v:%nx: 2 ht::. -'T- !-- 2 2 g 

t, -'T- !-- 2 2 gJ:.v:%nx:2ht::.-'T- J--���3 1 ·t, -'T- 1--���3 1 �*lv-r:/f·- J--
2 2 g i:M[i:i] Lt::.¥-$�� 2 2 c t, ¥-$�� 2 2 c 0) i:p:;P;:$J:. i:%nx: 2 ht::.+--v ;r--Jv'f% 
��2 2 pt, ¥-$��2 2 c O)jilijm$J:.v:.i3P--Cliv•v:lifftrai-t� J: -:i%nx:�h, +--v::t, 
Jvi:¥:�� 2 2 p v:-$.m:�-=> t::.�ftit!!lo/.1¥-$�� 2 2 a, 2 2 b t, ��!lo/.1¥-$�� 2 2 a 
J:.v:%� � ht::. F v 1:.,, 2 2 d t, �ftit!!lo/.J¥-$�� 2 2 b J:. t:%nx: � nt::. 1/ -7-. 2 2 s t 

, iJ· G ffi� � h --C v" � o � .t3, F v 1 :.,, 2 2 d & {.f 1/ -7-. 2 2 s (i-Jiffi:i§:--C: ifJ 0 --C 1b .El:. 
v " L , =Ji tJ. J:. 0) �;j Ji ffl: :©: --C' ifJ -::> "C 1b .El:. It "o 

[0038] 
� 5 i: � T J: -) ,: , 516JJJ !-- 7 :.,, V 7-. 7 2 3 (i , ��tl:;fliz 2 _t ,: % nx: � ht::. 7' - !-- 2 3 g 

t , -'T- 1-- 2 3 g ...t ,: JFint 2 ht::. /f' - r- ��� 3 1 t , -'T- r-*-@�� 3 1 � * 1v -r: -'T- r 
2 3 gv:M[i:i]Lt::.¥-$��2 3 ct, ¥-$��2 3 cO)i:j:i:;P;:$J:.�:%nt�ht::.+--v;r--Jvf:¥: 
�Jll 2 3 pt, ¥-$�Hl 2 3 c O)jilijm$...t�:.t3P--Cliv• �=lifftrai-t � J: '?%.��fl, +--v ;r, 
Jv-f¥�Hl 2 3 p (:-$.m:�-=> t::.�ftit!!lo/.J¥-$�� 2 3 a, 2 3 b t, ��!lo/.1¥-$�� 2 3 b

J:.v:%nt�ht::. Fv1:.,, 2 3 d t, �ftit!!f:m¥-���2 3 aJ:.(:Jfint�ht::.1/-7-. 2 3 st 
' tP G ffi� � fl --c "" � 0 5¥ffitl L, t::.�,g-' 116JJJ !-- 7 ✓ 1/ A?' 2 3 0) ',I - A 2 3 s "i)f ::J *;f:x 
�=��t G h --C v• �.:: t --C:, �f}J !-- 7:.,, :J 7-. 7 2 3 O)f- -v ;r--Jv�ji)fJ:t ( �-::> --C v• .o O � ;13, 

!-- '7:.,, :J 7-- 7 2 1 ~ 2 3 O)� r v ,1 :.,, 2 1 d ~ 2 3 d & 7.J1/ -.7-. 2 1 s � 2 3 s ti Iii} t:,;i:,r 

f4Ji � /, ?' -=-:.,, 7· L --C%nt � h --c v• � o 

tlHiE� 2 o o 5 - 3 o 6 3 2 2 3 
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ttllJI 2 o o 4 - 2 7 3 5 3 2 7/ 

(0039] 
;)z v:, -t- -v /\ "1/ 7 2 4 O)Jiffi:@: �= ··::n, t filt.1¥1-t � o � 5 , � 8 �=1F-t J: '7 �=, -t- -v r, "1/ 

7 2 4 ,±, ��£if& 2 J:.�:IDmt � ht.:rli1lt� 2 4 Ac:, rJi1lt;fi,)! 2 4 AJ:.&:Jtimt � ht.: 
7' -r ��)Jl 3 1 c:, 7-r �t-iHl 3 1 � � /v "'(" _t]i 1lttii:i! 2 4 A &:Mfill Lt.: 1lt� 2 4 B c: 
, ii· G ffi mt � ht v • � o 

(0040] 
*�=, r '7 Y :J 7-. � 2 1 ~ 2 3 &U'-t--v /\:,' 7 2 4 O)�Ji t 1t{}*l Y 1 ~ Y n, 5Elt*lX

I~ Xm & U'1!UfHl z I~ z mt O)l?kj��:-::>v• t � 5 ~ � l 1 � m v� tfiltlJl-t � 0 � 9 ~ � 1 
1 l± r 7 Y 1/ 7-. 7 2 1 ~ 2 3 �0)1ltti,)!O)Sfffi�"t" &J � o 

[ 0 0 4 1 ] 

� 5 ~ � 8 ' � 9 �= 7F T J: "? &: ' 100 *@I� p 1 . 1 ~ p m. n 0) A 1 -;; T 1-- 7 / 1/ A 7 2 1 (J) 

7-J--2lg, *Nr7Y:l7-.722(J)/f-l--22g, ��}--7Y:J;J..723(J)3/-r2
3 gN.,U'-t--yr,:,,7 2 40)rJi1lt�2 4AsiEU't-:fi{}*lY1~Yn,±, ��£if&2_tv:�t.:
-oo �= mtJffl; � ht.: µfj c � 11t tl:Hl � 7 � 1-- 1J 1/ 7" '7 7 1' -$ . .:L -;; + :.,, :7· $ �= J: '? --c /, Y -
.::. :.,, :7· Lt.: t (J)-z" cb � o W-r-e i±, ;1.. 1 -;; + 1- '7 ✓ :J ;1.. Y 2 1 (J) /f- 1-- 2 1 g , *M t- '7
:.,, :1 ;1.. Y 2 2 (J) /f - 1-- 2 2 g , �� 1- '7 :.,, :J ;1.. Y 2 3 (J) 7· - 1-- 2 3 g & u· -t- -v /, "1/ � 2 4
(J)1lt� 2 4 AsiE u·�=ft{}� y I~ y n (J)5f; C: � � �1lttl:Hl � 7' -r V 1 -v- t v' "J O .:: .:. "'("
, � 9 , ± , 3/ -r v 1 -V -� /, 7 -.::. :.,, :7· L t.: ;jx t� 0) Sf ffi � � 7F To

[0042] 
� 5 ~ � 8 �= 7FT J: "J &: , 7' -r ��)Jl 3 1 U, @ * lfil � P 1. 1 ~ Pm. n 0) 7-. 1 -;; + }- 7 

'1/:J;J..� 2 1, *1�J-7Y:J;J..7 2 2jg�}--7Y:);J..7 2 3&tf-t--v/,:,,7 2 4�--C�:3¾ 
:im L t.:)Jl"t" cb I') , ffi P-J t,: �t.:-ffi t-:mt)Jl � h --C v• � o 11t-? t, 7' -r ��)Jl 3 1 t;l:, 7-. 1 
-;;.::J-J--7Y:J7-.72l(J)3/-r-2lg, �Mr'7"./:l7-.722(J)/f-l--22g, ��}-7 
Y :J 7-. 7 2 3 (J) 7' -r 2 3 g & cf-t--v /\"1/ 7 2 4 (J)1lt� 2 4 AsiE u·v:ft{}*j_ Y 1 ~ Y n �11t 
NLtv•�o 

[0043] 
� 5 ~ � 8, � l 0 v:lFT J: "? �=, @*@I� P 1. 1 ~Pm. n 0) 7-. 1 -;; T r 7 Y 1/ 7-. 7 2 l 

(J)rv1Y2ld · 1/-7-.21s, �Mr7✓1/A722(J)rv1Y22d · 1/-7-.22 
s, �� r 7 Y 1/ A� 2 3 0) r v 1 "./ 2 3 d · 1/-7-. 2 3 s &U'-t- -v /'\y 7 2 4 (J)1lt;fi,)! 2 
4 B siE u·i:;t::lt�X 1 ~ Xm& V'ffUa-*l Z 1 ~ Zm t±, 3/- r- ��Hl 3 1 _t �=�t.:-ffi v:mt)Jl 
� ht.:µfj C�1lttt.1Jl� 7 � }- 1) 1/ :7· 7 7 1' -$ . .:L-;; T / 7·$v: J:: '? --c /\ 7 -.::. / :7· Lt.: 
'6 (J) "'(" &) � 0 £J_ r "t" ,±' A 1 -;; T 1- 7 / 1/ A 7 2 1 0) r V 1 / 2 1 d . 1/ -A 2 1 s ' � 
Mr'7Y:l7-.Y22(J)rv1Y22d ·1/-7-.22s, ��r-'7Y:l7-.723(J)rv1Y 
2 3 d · 1/-7-.2 3 s&tf-t--y/,:,,7 2 4(J)1lt�2 4 BsiEV'v:;t::1E*lX1~Xm&V'ffU%*i 
Z 1 ~ Z m (7)5[; C � � �1lttt.1Jl � r v 1 Y v 1 -V- C: v• "J o

[0044] 
.:. .:. "t", � 1 0 l±, F v 1 "./ v 1 -v- � /\ � - .::. :.,, :7· L t.:;jxi�(J)Sfffi� � 7FT o -f Lt 

, � 1 1,±, /'\'7-.::."./:7·Lt.:7·- t- v1-v-v:/,7-.::.:.,,:7·Lt.: Fv1 Yv1-v-�m

td.:;jxi�O)Sfffi� � 1FT o
(0045] 

� 3, � 7, � 9, � 1 0 �:1F-t J: "J t-:, ;t::lt*lX i U, 7'- r ��Jll 3 1 v:%mt � h 
�::i:.,,7:7}-*-�92�*L--C7-.1-;;7}--7Y:J;J..72l(J)3/-r2lg&U'*Mr7 
Y :J 7-. � 2 2 (J)/./- r 2 2 g t,:�jm L, 1t{}*l Y j ,±, 7'-r ��Jffl; 3 1 v:IDmt � ht.: ::i
Y 7 :7 r * -)v 9 4 � * L --C 7-. 1 -;; + r 7 Y :J 7-. 7 2 1 (J) 1/ -7-. 2 1 s t-= �;@ L, *ff r 
7 "./ :J 7-. 7 2 2 (J) 1/ -..7- 2 2 s ,±, 7-r ��)Jl 3 1 t,:.IDmt � ht.: ::i:.,, 7 :7 }-*-)v 9 3 
�* L --C jg� 1- '7 Y :J 7-. 7 2 3 0) /./- r 2 3 g t,:_�jm Lt v• � o 

(0046] 
� 5 ~ � 8 t,: 7F T J: "J i:., ..7-1 -;; -1-r '7 Y :J ..7-7 2 1 , �N r 7 Y :J 7-. 7 2 2 & aig� 

r '7 Y:l 7-. 7 2 3 siEU'v:.;t::1f*iX1 ~Xm &V-1!Ua-{sljtZ1 ~ Zm ,±, �t.:-oo&:.mt)Jl�ht.:� 
Mf���3 2 v:.J:-?--C11tff�h--Cv•�o �i:3, iifFHH:,±, f�:@T�il�, *Mf��Hl3 2 ,± 

l:IHiE!tl 2 o o 5 - 3 o 6 3 2 2 3 
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!t¥JU 2 o o 4 - 2 7 3 5 3 2 

, 1�*ft*,ijl z 1 - z m £:£ � o ffim""Z"'N-ffir;jj( t: Jttffr 2 tL --c v• o o 

[0047] 

8/ 

�iH:e.it!ll 3 2 �: tt.IjltBft!ll 3 3 ifUVI 2 tL --C i3 I'), A 1 -;; -r r 7 / :J A?' 2 1 , �� 
r 7 / :J 7, ?' 2 2 & tfjgt}J r 7 / :J A 7 2 3 �tfv:JElt*,ijlX1 - Xm & U1JUft*,ijl Z 1 - Zm v: 

J: o I!:!] C:�riJ{_IjZ j:]_ f tJll 3 3 v: J: -? "C Jfit ifi 2 tL "C v • o o -::) i I') , .IjZ ±Bf t)ll 3 3 0) � 00 iJ{_IjZ j:]_ C

� -? --c "· o a � fl ft!ll 3 3 ti, W ij� �-lil ft 2 --tt t.: <b 0) ---c- tfJ o a � i3, �f *-IB v: i±, 1&�-t o 
iJr, .IjZ±EHt!ll 3 3 tl, ��ffi�Jll 3 2 t t <b £: {,.:!Uft*l Z 1 - Z m �:£ � o ffim---C-lli:Jfi;jj( £:Jt 
ltfr2 tL "Cv•o o 

[0048] 
� j3 ' .::. 0) E L 7 ,{ A 7

° 
V 1 /' �-- }v l � *' r A ::r... � o/ y 3 ✓ � t L "C ffl ".,. 0 �-fr' T � 

b �, ffit,i£ti 2 � �1Fmi t L -c ffl """ o �if£: tt, 3/- r ffi�Jll 3 1 , ��ffi�Jll 3 2 & 

lj.Ijlj:].ft!ll 3 3 �= ,±�lJI �if-tf4 � ffl """ 0 0 

[0049] 
� � ffit,i!ll 3 2 & cf .Ijl tB f t!ll 3 3 £:: tt, 1JUftif! Z 1 - Z m £:: ru-? --c 7.k .IjZ :n rtiJ i:: }!!;1=f -t o -N: 

R.�mffO)iJ 3 4 (� 8 v::�,F) -iJt1�*ft*,ijlZ 1 - Zm £::-ftL-f'h£� o J:-) %mt 2 tL, ��
ffi�Jll 3 2 & tf�:t!Ht!ll 3 3 (;t��:nr�H= ��To iJ 3 4 , 3 4 i: J: -? --C7.k.Ijljjrti] v:}!!;1=f
-t ,Q le%;jj( t L --c Jttflr 2 tL --c v• o o ii 3 4 £:: tifF%.ffii:.l& 9 o 7'.){ -f" tL-f'tL:t.i.&"J G tL --c i3 I') ,
� 3 4 F"J v: i3 v• --c 1Ffi".ffii:.f,ijl 9 o -iJ{{!Uflii z 1 - z mt:: �'Att9 v::�f1c-t ,Q J: -:i &:: -f tL-f'tLflJ@
2 tL --c """ ,Q o *�•ffic.*l 9 O ti, ;1. -;; q=-$ £: J: I') %mt 2 ht.: <b 0)---C-£V) ,Q 0)---C-, 1�%*,ijl Y 1 -

y n' JE:ltl&X 1 - Xm&UfiUfi"i& z 1 - z ID� tfv:: r 7 ✓ :J A 7 2 1 - 2 3 0)/f- r -ii'�-?
1/-7,, Fv1 ✓-;fii�J: I') 1b--t-5t£::�v•o --��B'-Jv:t;t, fFfl.ffic.*19 QO)��tt, ��ffi�
Jll 3 2 t �fflft� 3 3 O)� 2 O)��t t tl tl'� L v•o *ft�ffic.*& 9 0 ti, �;s= L < ,±.::.-;; -7 Jv
Xti.::. tL G O)fjJiftiJ, G � ,Q o

[0050] 
ffi�£ti 2 iJ, G .IjltJHt!ll 3 3 i ---C-O)fjl@;ffl:j! � r 7 / :J 7, 7 7 v 1 £ti 5 0 t v• 7 o .::. 

0) r 7 / :J 7, 7 7 v 1 £� 5 0 ,:: i3 """ "C ti, �oo:tJ! L "C, 7, 1 -;; -r r 7 / :J 7, 7 2 1 , �
t'ij' r 7 / :J A 7 2 2 & tf �t}J r 7 / :J A 7 2 3 -/J{7 r 1J 7 A ;jj( ,: ffic.9U � tL "C ".,. ,Q 0 

[0051) 
.:xv::, r 7 /::A'>' 7 v 1 £ti 5 o O)�oo t:fll@ 2 tLt.:1@11:i§:£::-::)v•--CwtlJl-t o o r 7 

:,, �/ 7, '>' 7 v 1 £ti 5 0 0) � oo ___I:_, RP�, .IjZ :l:!Ht!ll 3 3 0) � ffi J:. i:: L±, mix 0)@ � �tr,:E 2 

0 a iJ{7 r 1J 7 A ;jj( ,: ffii:.9U 2 tL "CI,,• ,Q O i t.:' .Ijlj:]_ ft!ll 3 3 & lj��ffi�!ll 3 2 ,: (;;l:' ii 
JjcO) ::r / 7 7 r * - Jv 9 5 iJ{I@ ��;ti,� 2 0 a & 'Cf.:\=-�/,:,, 7 2 4 0) -ti,� 2 4 B 0)-$ t: ii! 
� ,Q J: 7 %mt 2 tL, .::. tL G ::r / 7 7 r * - JV 9 5 v::¥J•tt/, o/ Fif:t.i.&"> G tL "C """ ,Q O 1,iE-? 

"C, 00���2 0 at±, .IjZj:].ftJll3 3&tf��iffi�Jll3 2£::%nx:2tLt.:::r:r77 r*-Jv

9 5 � Jr-L "C q:- � /,:,, 7 2 4 0) .tr,:E 2 4 B, 7, 1 -;1 -r r 7 :,, :J 7, 7 2 1 0) r v 1 / 2 1 d 
& a;gt}J r 7 / :J A 7 2 3 0) ',I - A 2 3 s ,:: $:lffl L "C """ 0 0 � j3' ::r / 7 7 r * - )V 9 5 
F"JO)¥J.tiJ,-;; tq;t, ;1. -;1 q:-$£:J: 1')%mt�nt.:<b0)---C-£V)o o 

[0052] 
@�-�2 0 at!, -fl�EL�-=f-2 00)7J- Ft L--C■f!�-t,Q•tii�""Z"'£V),Qo RP�, @ 

�--20aO)fr-�R#ftfttt9a<, .�T,Q-fl■EL.20b�I���$J:<tt� 
T ,Q <f) O)iJ{H i L V'o it.:' @�--2 0 a (;;l:' *' r A ::r... � o/ 1/ 3 / ffljjgO)�,f:r' oJ:tJt,t 

�::ML --c �:i§ti � -fl L --c """ o o @*m;tii� 2 0 a c L --c ti, -Wtl � tf, � F- 7°Mft 1 / :J 7
h. ( I T O) , ][r.} F- 7°M1t 1 / :J 7 h., M1t 1 / :J 7 A ( I n 2 0 3) , Mft7, ;( ( S
n O 2) , Mft][ifi" ( Z n O) XU :tJ F � 7 h. - jj,Mft!Jm ( C T O) � .=tnx:?t t Lt.: <b 0)

iJ{i:fy O 0 

[0053) 
� j3' .::. 0) E L 7 ,{ A 7° V 1 /' �-- }v 1 T r o/ 7° ::r... � -;J 1/ 3 ✓ � t L "C ffl \t \ 0 �it' T � 

b �, ffi*i£ti 2 0) .&Mffllj � �,FOO t L "C ffl v' ,Q �%£:: tt, ®�•tr,� 2 0 a t .IjlilHt!ll 3 
3 t 0) Fal) �:, i5�ttll-::) -aJtJ!J't.&�ttt 0) a".,. .&M!ll � mt!ll-t ,Q t � 1.t • o 

[0054] 
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*Ii 2 o o 4 - 2 7 3 5 3 2 9/ 

.::. n G 100 * 1lU11:.E 2 O a tL. � :f:J! 1 !::JI; 3 3 __t t: � t.: -ffi £: mt Ji; � n t.: $ 11t t.:l:Jffl; ( *' t- A x. 

� o/ 1/ 3 :1/0):tj}Ji;-, �IJA$1ltttlffl;) � 7 ::t l- 1J 1/ 7·7 7-, -1.t · x. o/ -=J- :1/ 7·1.t,: J: 0 --c .1{ 

:1 -.::. :;,,- 7· L t.: 1h 0 -et; � o � ll1 :n fQJ t: 1iPJ i;- "J ® * 11tffi 2 o a 0) rai 0) *ri11t!'irJJJl 9 o __t £: 
Ct, it11tllir.;rJJl9 0 £:i&0ti6'11tllir.fl9 0 c:11t�a<J£::tiHdcL--Cv)�$1lttt71:1/51 -b{®* 
11t;fii].2 0 a0)-f0.:B�r:.1{:9-.::.::,,-7·�ntv)�']j{, $1lttt71:1/51 t;;I:, ®*11t;fi,].2 0 
a 0:rr; c: � � $1ltt1.Dl � x. o/ -=J- :1/ 7·-t � .::. c: t: J: 0 --C ®*11t;fi,]. 2 0 a t t 1b £: .1{ 7' - .::. :1/

7· � nt.: 1b O)t' JiJ � o · �2¥11ttt 7 1 :1/ 5 1 0)$jttrnO)ifi"11tllir.;Ml 9 0 0)$j J: l'J J.t \.,\ t.: d>*fi° 
11tllir.t"lt 9 o -nra ili L � v, J: "J £: *fi-11tffir.ti 9 O � -f tL..P'ht/.UI L, *fi-11tllir.*Ji 9 o � $1lttt 7 
1 :1/ 5 1 0) x. 'Y -=J- .:iv :1/ l- � -b'-' G � � L t v' � o 

[0055] 
.::. tLG ®*11t;fi,]. 2 0 a O)rait:t;I:, �{t:1/ 1) ::i :1/�'b'-'G �� Y. o/ 1/ .:r.t}tO)��Ul 5 2 -IJ{,1{ 

:9-.::.::,,-7·�ntv'�o ,,,�,f,$:ag£:i±, �*�Dl5 2 tt, $1lt11.71:;,,-51-b{a!'.ili�h�v)J: 
1 t:$1lttt 71 ✓ 5 1 � ti 1 J: ") ,:rr:nfQJ v:�1:1: L, -f L tfjt�-t° � ;tt.:imffr.tJJl 9 1 O)r:ffi! 
Ii t L t¥0nfQJ£:�tEi"��r:lx£:%mt � h--Cv'�o *�:nfPJ£:� l'J i;-"J ®*11t;fi,:.E 2 O a 
, 2 o a rai0)��1Jl5 2 O)__t£:£±, ¥Ll:nruJ£:i&0t;it-ifflffir.tJJl9 1-b{ -ftL..P'tLll/i�htv) 

�o 

(0056] 

;lt-jm§r,;Ml 9 1 f;;I:, 7- o/ :f-1.t £;: J: l'J %mt� hf.: 'b 0) t' JiJ � 0) t', fi�tJJl Y l ~ Y n ,  5ElHJJl 
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