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Docket No.: 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re DIVISIONAL Application of

Yoshiharu HIRAKATA et al

Based On Serial No. 09/361,218 Art Unit: 2871

Which was filed: July 27, 1999 Examiner: D. Nguyen

For: CONTACT STRUCTURE

PRELIMINARY AMENDMENT

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

Please amend the subject application as follows:

IN THE SPECIFICATION:

Before the first sentence of the specification, insert --This application is a

Divisional of Application Serial No. 09/361,218 filed July 27, 1999; which itself is a

Divisional of Serial No. 09/046,685 filed March 24, l998 now U.S Patent

5,982,471.--

REMARKS

This application has been amended to include the continuing application data

thereof.
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Docket N0.: O756~2237

Examination on the merits is requested.

Respectfully submitted,

Eric J. Robinson

Registration No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110
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Docket No.: 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Divisional Application of

Yoshihani HIRAKA et al

Based On Serial No.: 09/361,218 Art Unit: 2871

Which was filed: July 27, 1999 Examiner: D. Nguyen

For: CONTACT STRUCTURE

INFORMATION DISCLOSURE STATEMENT

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In accordance with the provisions of 37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99,

it is requested that the reference listed on the attached Form PTO-1449 be made of

record in the aboVe—identified application.

The references listed on the attached Form PTO-1449 were cited in parent

application Serial Nos. 09/361,218, 09/046,685.

Respectfully Submittetd,
n

Eric J. Robinson

Registration No. 38,285

Nixon Peabody LLP
8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

NVA1S7l6l l
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CONTACT STRUCTURE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a contact structure

for electrically connecting together conducting lines formed

on two opposite substrates, respectively, via conducting

spacers and, more particularly, to a contact structure used

in common contacts of an electrooptical device such as a

liquid crystal display.

Description of the Related Art

In recent years, liquid crystal displays have been

extensively used in the display portions of mobile

intelligent terminals such as mobile computers and portable

telephones including PHS (personal handyphone system).

Also, active—matrix liquid crystal displays using TFTS as

switching elements are well known.

A liquid crystal display comprises two substrates and a

liquid crystal material sealed between them. Electrodes are

formed on these two substrates to set up electric fields. A

desired image or pattern is displayed by controlling the

magnitudes of these electric fields. In the active—matrix

liquid crystal display, TFTS (thin—film transistors) are

formed on one substrate to control the supply of Voltage to

each pixel electrode. Therefore, this substrate is referred

to as the TFT substrate. A counter electrode placed

—opposite to the pixel electrodes is formed on the other

substrate and so it is referred to as the counter substrate.

In the active matrix display, an electric field is

produced between each pixel electrode on the TFT substrate

and the counter electrode on the counter substrate, thus



Exhibit 1002, page 7

providing a display. The potential at each pixel electrode

on the TFT substrate is controlled by the TFT and thus is

varied. On the other hand, the counter electrode on the

counter substrate is clamped at a common potential. For

this purpose, the counter electrode is connected with an

extractor terminal via a common Contact formed on the TFT

substrate. This extractor terminal is connected with an

external power supply. This connection structure clamps the

counter electrode at the common potential.

The structure of the common contact of the prior art

active—matrix liquid crystal display is next described

briefly by referring to Figs. 12 — 14.

Fig. 12 is a top plan view of a TFT substrate 10. This

TFT substrate comprises a substrate 11 having a pixel region

12, a scanning line driver circuit 13, and a signal line

driver circuit 14. In the pixel region 12, pixel electrodes

and TFTS connected with the pixel electrodes are arranged in

rows and columns. The scanning line driver circuit 13

controls the timing at which each TFT is turned on and off.

The signal line driver circuit 14 supplies image data to the

pixel electrodes. Furthermore, there are extractor

terminals 15 to supply electric power and control signals

from the outside. The substrate 11 makes connection with

the counter electrode at common contact portions 16a — 16d.

Fig. 13 is a cross—sectional view of the pixel region

12 and a common contact portion 16 representing the common

contact portions 16a — 16d. A TFT 17 and many other TFTs

(not shown) are fabricated in the pixel region 12 on the

substrate 11. An interlayer dielectric film 18 is deposited

on the TFT 17. A pixel electrode 19 connected with the

drain electrode of the TFT 17 is formed on the interlayer

dielectric film 18.
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A precursor for the source and drain electrodes of the

TFT 17 is patterned into internal conducting lines 21 at the

common Contact portion 16. The interlayer dielectric film

18 is provided with a rectangular opening. A conducting pad

22 is formed in this opening and connected with the internal

conducting lines 21. The pixel electrode 19 and the

conducting pad 22 are patterned from the same starting film.

Fig. 14 is a top plan View of the known common contact

portion 16. A region located inside the conducting pad 22

and indicated by the broken line corresponds to the opening

formed in the interlayer dielectric film 18.

As shown in Fig. 13, a counter electrode 24 consisting

of a transparent conducting film is formed on the surface of

a counter substrate 23. This counter electrode 24 is

opposite to the pixel electrodes 19 in the pixel region 12

and to the conducting pad 22 at the common Contact portion

16.

Spherical insulating spacers 25 are located in the

pixel region 12 to maintain the spacing between the

substrates 11 and 23. A spherical conducting spacer 26 is

positioned at the common contact portion 16 and electrically

connects the counter electrode 24 with the conducting pad

22. The pad 22 is electrically connected with the internal

conducting lines 21, which. in turn are electrically

connected with an extractor terminal 15. This connection

structure connects the counter electrode 24 on the counter

substrate 23 with the extractor terminal 15 on the substrate

11.

In the prior art liquid crystal display, the interlayer

dielectric film 18 is provided with the opening at the

common contact portion 16, as shown in Fig. 13. Therefore,

the cell gap Gc in the common Contact portion is almost equal
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to the sum of the cell gap G; in the pixel region + the film

thickness t of the interlayer dielectric film 18.

The cell gap Gp (also known as the cell spacing) in the

pixel region 12 is determined by the insulating spacers 25.

It is common practice to use standardized spacers as the

insulating spacers 25 and so if the spacers 25 have a

uniform diameter, the cell gap Gp in the pixel region 12 is

substantially uniform among liquid—crystal cells. However,

it is difficult to avoid nonuniformity of the cell gap Ge in

the common contact portion among liquid—crystal cells.

The cell gap Gc in. the common contact portion is

constant since the cell gap Gp is constant because of the

relation described above. Therefore, the cell gap G: in the

common contact portion depends only on the film thickness t

of the interlayer dielectric film 18. Consequently, to make

the cell gap GC uniform among liquid—crystal cells, it is

necessary that the film thickness t of this interlayer

dielectric film 18 be uniform among cells. However, this is

impossible to circumvent.

Normally, the common contact portions of the liquid

crystal display are 2 to 4 in number. The film thickness t

of the interlayer dielectric film 18 may differ from

location to location on the same substrate. In this case,

the film thickness t may differ among different common

contacts even on the same substrate.

Because of the aforementioned nonuniformity of the

thickness t of.the interlayer dielectric film 18, the cell

gap G: in the common contact portion differs among different

cells or different common contacts. Furthermore, the

nonuniformity of the cell gap Gc results in the cell gap Gp

in the pixel region to be nonuniform.
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The cell gap Gp in the pixel region is affected more by

the nonuniformity of the cell gap G: in the common contact

portion as the area of the pixel region 12 becomes narrower

than the area of the common contact portion. Especially, in

the case of a projection display as used in a projector, the

problem of above—described nonuniformity of the cell gap Gp

in the pixel region becomes conspicuous, because it is a

quite accurate small—sized display of about 1 to 2 inches.

A standardized spacer is also used as the conducting

spacer 26. The diameter of this conducting spacer 26 is

determined by the diameter of the insulating spacers 25 in

the pixel region 12 and by the design thickness of the

interlayer dielectric film 18. Where the thickness of the

interlayer dielectric film 18 is much larger than the

designed value, the cell gap Go in the common contact portion

becomes very large. This makes it impossible to connect the

counter electrode with the conducting pad well by the

conducting spacer 26. In consequence, the counter electrode

cannot be clamped at the common potential. As a result, a

display cannot be provided.

S O E INVENTION

It is an object of the present invention to provide a

contact structure which is free of the foregoing problems,

provides less nonuniform cell gap among different cells if

the thickness of the interlayer dielectric film is

nonuniform across the cell or among different cells, and

reduces poor electrical contacts which would normally be

caused by conducting spacers.

This object is achieved in accordance with the

teachings of the invention by a _contact structure for

connecting a conducting film formed on a first substrate
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with a conducting film formed on a second substrate opposite

to the first substrate, the contact structure comprising: a

Cell gap defined between the first and second substrates; a

first conducting film formed on the first substrate; a

dielectric film covering the first conducting film; openings

formed in the dielectric film to expose parts of the first

conducting film by selectively leaving the dielectric film;

a second conducting film covering the dielectric film left

and the openings; a third conducting film formed on the

second substrate; and conducting spacers held between the

first and second substrates and connecting the second and

third conducting films. The second conducting film is

connected with the first conducting film through the

openings. The second conducting film, the conducting

spacers, and the third conducting film are connected in turn

on the dielectric film left. The conducting spacers

maintain the cell gap between the first and second

substrates.

One embodiment of the invention resides in a Contact

structure for connecting a conducting film formed on a first

substrate with a conducting film formed on a second

substrate opposite to the first substrate, the contact

structure comprising: a cell gap defined between the first

and second substrates; a first conducting film formed on the

first substrate; a dielectric film covering the first

conducting film; openings formed in the dielectric film to

expose parts of the first conducting film; an insulator

deposited on only portions of the first conducting film

exposed through the openings; a second conducting film

covering the openings; a third conducting film formed on the

second substrate; and conducting spacers held between the

first and second substrates and connecting the second and
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third conducting films. The second conducting film is

connected with the first conducting film through the

openings extending through the insulator. The second

conducting film, the conducting spacers, and the third

conducting film are connected in turn through the openings

extending through the insulator. The conducting spacers

maintain the cell gap between the first and second

substrates.

Another embodiment of the invention resides in a

Contact structure for connecting a conducting film formed on

a first substrate of an electrooptical device with a counter

electrode formed on a second substrate opposite to the first

substrate, which has pixel electrodes formed thereover, the

Contact structure comprising: a cell gap defined between the

first and second substrates; a first conducting film formed

on the first substrate and under the pixel electrodes; an

interlayer dielectric film covering the first conducting

film; openings formed in the interlayer dielectric film to

expose parts of the first conducting film by selectively

leaving the interlayer dielectric film;a second conducting

film defining the counter electrode formed on the second

substrate; a third conducting film covering the interlayer

dielectric film left and the openings; and conducting

spacers held between the first and second substrates and

connecting the second and third conducting films. The

second conducting film is connected with the first

conducting film through the openings. The third conducting

film and the pixel electrodes are formed from a common

starting film. The second conducting film, the conducting

spacers, and the third conducting film are connected in turn

on the dielectric film left. The conducting spacers

maintain the spacing between the first and second
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substrates.

A further embodiment of the invention resides in a

Contact structure for connecting a first conducting film

formed over a first substrate of an electrooptical device

with. a counter electrode formed on a second substrate

opposite to the first substrate, which has pixel electrodes

formed thereon, the contact structure comprising: a cell gap

defined between the first and second substrates; a first

conducting film formed on the first substrate and under the

pixel electrodes; an interlayer dielectric film covering the

first conducting film; openings formed in the interlayer

dielectric film to expose parts of the first conducting

film; an insulator formed on selected, portions of the

surface of the first conducting film extending through the

openings; a second conducting film covering the openings; a

third conducting film defining the counter electrode formed

on the second substrate; conducting spacers held between the

first and second substrates and connecting the second and

third conducting films. The pixel electrodes and the second

conducting film are formed from a common starting film. The

second conducting film is connected with the first

conducting film through the openings extending through the

insulator. The second conducting film, the conducting

spacers, and the third conducting film are connected in turn

on the insulator formed in the openings. The conducting

spacers maintain the cell gap between the first and second

substrates.

A still other embodiment of the invention resides in a

contact structure for connecting a conducting film formed on

a first substrate with a conducting film formed on a second

substrate opposite to the first substrate, the contact

structure comprising: a cell gap defined between the first
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and second substrates; a first conducting film formed on the

first substrate; a dielectric film covering the first

conducting film; openings formed in the dielectric film and

exposing parts of the first conducting film; a second

conducting film covering the openings;a third conducting

film formed over the second substrate;a fourth conducting

film formed between the second substrate and the third

conducting film and in contact with the third conducting

film; and conducting spacers held between the first and

second substrates. The first conducting film, the second

conducting film, the conducting spacers, the third

conducting film, and the fourth conducting films are

connected in turn through the openings. The spacers

maintain the cell gap between the first and second

substrates.

Other objects and features of the invention will appear

in the course of the description thereof, which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. l is a fragmentary cross—sectional view’ of a

common contact portion in accordance with the present

invention;

Figs. 2A and 2B are top plan views of the common

contact portion shown in Fig. 1;

Fig. 3 is a top plan View of the TFT substrate of a

liquid crystal display in accordance with Example 1 of the

invention;

Fig. 4 is a top plan view of the counter substrate of

the liquid crystal display in accordance with Example 1;

Figs. 5A - 5G are cross—sectional views illustrating a

process sequence for fabricating the TFT substrate shown in

Fig. 3:
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Fig. 6 is a fragmentary cross—sectional view of a

pixel region and a common contact portion of the liquid

crystal display in accordance with Example 1;

Fig. 7 is a cross—sectional View similar to Fig. 6, but

illustrating Example 2 of the invention;

Fig. 8 is a cross—sectional view similar to Fig. 6, but

illustrating Example 3 of the invention;

Fig. 9 is an enlarged cross—sectional view of the

common Contact portion shown in Fig. 7;

Fig. 10 is an enlarged cross—sectional view of the

common contact portion shown in Fig. 8;

Fig. 11 is a top plan view of the common contact

portion shown in Fig. 8;

Fig. 12 is a top plan View of the TFT substrate of the

prior art liquid crystal display;

Fig. 13 is a cross—sectional View of a pixel region and

a common contact portion on the TFT substrate shown in Fig.

l2; and

Fig. 14 is a top plan View of the common. contact

portion shown in Fig. 13.

DETAILED DESCRIPTLQN OF THE INVENTION

EMBODIMENT 1

The present embodiment of this invention is described

by referring to Figs. 1, 2A and 2B. Fig. l is a fragmentary

cross—sectional view of a comon contact portion of a liquid

crystal display in accordance with the present embodiment.

Figs. 2A and 2B are top plan views of the TFT substrate of

the liquid crystal display. The structure of a region 120

shown in Fig. 2A is depicted in the enlarged cross section

of Fig. 1.

As shown in Fig. 13, in the prior art structure, the
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spacers in the pixel region 12 are located over the

interlayer insulating film 18 via the pixel electrode 19.

However, the interlayer dielectric film 18 does not exist

under the conducting pad 22 at the common contact portion

16. Hence, the cell gap G: in the common contact portion

depends on the thickness of the interlayer dielectric film
18.

Accordingly, in the present embodiment, an insulator,

or a dielectric, is inserted under the conducting pad in the

common contact portion. Conducting spacers are placed on

top of the dielectric, so that the cell gap Ge in the Contact

portion does not depend on the thickness of the interlayer

dielectric film 18. In the present embodiment, openings are

formed, selectively leaving the interlayer dielectric film

18.

In the present embodiment, as shown in Fig. 1, a first

conducting film 103 is formed on a first substrate 101. A

dielectric film 104 is deposited on the first conducting

film 103. The dielectric film 104 is selectively left to

form openings 111 that expose parts of the first conducting

film 103. A second conducting film 105 is formed so as to

cover the left parts of the dielectric film, 104a, and the

openings 111.

A third conducting film 106 is formed on the second

substrate 102. Conducting spacers 107 are sandwiched

between the first substrate 101 and the second substrate

102.

In the prior art opening 110 shown in Fig. 2A, the

dielectric film 104 has been fully removed. In the present

embodiment, the dielectric film 104 is selectively left to

form the dielectric film portions 104a and the openings 111.

The openings 111 expose parts of the first conducting film
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103. The first conducting film 103 is connected with the

second conducting film 105 at these openings 111.

On the first substrate 101, the left dielectric film

104a is closest to the second substrate 102; therefore, on

the left dielectric film 104a, the second conducting film

105 formed on the first substrate electrically connects with

the third conducting film 106 formed on the second

conducting film 102 through the conducting spacer 107, as

shown in Fig. 1.

In region 110, the left dielectric film 104a is closest

to the second substrate; therefore, the conducting spacers

107 electrically connecting the second conducting film 105

with. the third conducting filnx 106 maintain the gap G

between the substrates. Consequently, this gap G is

dependent only on the size of the conducting spacers 107.

Therefore, where the conducting spacers 107 are uniform

among liquid—crystal cells, the gap G can be made uniform

among cells, even if the thickness t of the dielectric film

104 differs among cells.

In the present embodiment, it is desired that the area

of each opening 111 be sufficiently larger than the area

occupied by each conducting spacer and offer space so that

the conducting spacers can move freely, because the spacers

107 existing in the openings 111 do not contribute toward

maintaining the gap. Otherwise, plural conducting spacers

107 would. be stacked on top of each other, making it

impossible to maintain the cell gap G uniform across the

cell.

Also in the present embodiment, it is desirable that

the area of the surface of each left dielectric film portion

104a be sufficiently larger than the area occupied by each

conducting spacer 107, assuring arrangement of the
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conducting spacers 107. If the spacers 107 are not

positioned over the dielectric film 104a with certainty, it

will not be possible to make electrical connections between

the first and second substrates. Furthermore, the gap will

not be maintained.

The openings 111 are formed as shown in Fig. 2A in the

present embodiment. The relation between the left

dielectric film 104a and each opening 111 may be reversed as

shown in Fig. 2B. It is that noted Fig. 1 is an enlarged

View of the region 120 indicated by the broken line in Fig.

28.

EMBODIMENT 2

The present embodiment is described by referring to

Figs. 1 and 2A. Fig. 1 is a cross—sectional View of a

common contact portion of the liquid crystal display in

accordance with the present embodiment. Fig. 2A is a top

plan View of the TFT substrate of the liquid crystal

display. Fig. 1 is an enlarged cross-sectional View of the

region 120 indicated by the broken line in Fig. 2A.

A dielectric is inserted under a conducting pad in the

common contact portion, in the same manner as in Embodiment

1. Conducting spacers are positioned on the dielectric.

Thus, the cell gap G: in the common contact portion does not

depend on the thickness of the interlayer dielectric film

18. The present embodiment is characterized in that the

dielectric film 18 is selectively left to form openings.

In particular, in the present embodiment, the

dielectric layer is formed underneath the Conducting pad 22.

The conducting spacers are positioned on the dielectric.

Consequently, the cell gap Gc in the common contact portion

is not dependent on the thickness of the interlayer
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dielectric film 18.

Referring to Fig. 1, a first conducting film 103 is

formed on top of a first substrate 101. A dielectric film

104 covers the first conducting film 103. The dielectric

film 104 is provided with openings 111 to selectively expose

the surface of the first conducting film 103. The exposed

portions of the dielectric 104 are indicated by 104a. A
second conducting film 105 is formed to cover the openings

111.

A third conducting film 106 is formed on the second

substrate 102. Conducting spacers 107 are located between

the first substrate 101 and the second substrate 102.

Fig. 2A is a top plan view of the TFT substrate, and in

which the second conducting film 105 is not yet deposited.

In Fig. 2A, the region 110 indicated by the broken line

corresponds to the opening for the common contact formed in

the interlayer dielectric film 18 of the prior art

structure. A dielectric 104a is selectively deposited to

leave portions of the first conducting film 103 to be

exposed.

The first conducting film 103 is exposed at locations

where the dielectric 104a is not deposited. The exposed

portions of the first conducting film 103 are connected with

the overlying second conducting film 105.

On the first substrate 101, the dielectric 104a is

closest to the second substrate. As shown in Fig. 1, on the

dielectric 104a, conducting spacers 107 electrically connect

the second conducting film 105 on the first substrate 101

with the third conducting film 106 on the second substrate

102.

The dielectric 104a is closest to the second substrate
102. Therefore, the conducting spacers 107 electrically
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connecting the second conducting film 105 with the third

conducting film 106 hold the cell gap G. In consequence,

the gap G is dependent only on the size of the conducting

spacers 107. Where the spacers 107 are uniform in size, the

cell gap G can be rendered uniform among liquid~crystal

cells even if the thickness t of the dielectric film 104

differs among cells.

In the present embodiment, the area of each portion not

covered with the dielectric lO4a is preferably sufficiently

wider than the area occupied by one conducting spacer 107

and permits the conducting spacers 107 to move freely,

because the spacers 107 existing in the regions where the

dielectric 104a is not present do not contribute toward

maintaining the gap. Otherwise, plural conducting spacers

107 would. be stacked on top of each other, making it

impossible to maintain the cell gap G uniform across the
cell.

Also in the present embodiment, it is desirable that

the area of each portion of the dielectric film 104a be

sufficiently larger than the area occupied by one conducting

spacer 107 and that the conducting spacers 107 be arranged

with certainty. If the spacers 107 are not positioned on

the dielectric film 104a with certainty, it will not be

possible to make electrical connections between the first

and second substrates. Furthermore, the cell spacing will

not be maintained.

In this embodiment, the dielectric 104a is deposited as

shown in Fig. 2A. The relation between the regions where

the dielectric 104a is deposited and each region where the

first conducting film 103 is exposed may be reversed as

shown in Fig. 2B.
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EXAMPLE l

In this example, the present invention is applied to a

common contact portion of a reflection-type liquid crystal

display. Fig. 3 is a top plan view of the TFT substrate of

this liquid crystal display. Fig. 4 is a top plan view of

the counter substrate of the liquid crystal display.

Referring to Fig. 3, the TFT substrate 200 comprises a

substrate 201 having a pixel region 202, a scanning line

driver circuit 203, and a signal line driver circuit 204.

Pixel electrodes and TFTS connected with the pixel

electrodes are arranged in rows and columns in the pixel

region 202. The scanning line driver circuit 203 controls

the timing at which each TFT is turned on and off. The

signal line driver circuit 204 supplies image data to the

pixel electrodes. Extractor terminals 205 are also provided

to supply electric power and control signals from the

outside. Common contact portions 206a — 206d form junctions

with the counter electrode.

As shown in Fig. 4, the counter substrate 250 comprises

a substrate on which a counter electrode 252 consisting of a

transparent conducting film is deposited. A central

rectangular region 253 is opposite to the pixel region 202

of the TFT substrate 200. Four corner regions 254a — 254d

are electrically connected with the contact portions 206a —

206d, respectively, of the TFT substrate 200.

As shown in Fig. 3, conducting pads are formed in the

common contact portions 206a — 206d, respectively, of the

TFT substrate 200. These conducting pads are electrically

connected together by internal conducting lines 207a - 207c.

The internal lines 207a and 207b extend to the extractor

terminals 205 and are electrically connected with common

terminals 205a and 205b, respectively.
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A process sequence for manufacturing the pixel region

202 and the common contact portion 206a — 206d on the TFT

substrate is next described by referring to Figs. SA — 5G.

First, the substrate 201 having an insulating surface

was prepared. In the present example, a silicon oxide film

was formed as a buffer film on the glass substrate. An

active layer 302 consisting of a crystalline silicon film

was formed over the substrate 201. Although only one TFT is

shown, millions of TFTS are built in the pixel region 202 in

practice.

In the present example, an amorphous silicon film was

thermally crystallized to obtain the crystalline silicon

film. This crystalline silicon film was patterned by an

ordinary photolithographic step to obtain the active layer

302. In this example, a catalytic element such as nickel

for promoting the crystallization. was added during the

crystallization. This technology is described in detail in

Japanese Unexamined Patent Publication No.7—1306S2.

Then, a silicon oxide film 303 having a thickness of

150 nm was formed. An aluminum film (not shown) containing

0.2% by weight of scandium was deposited on the silicon

oxide film 303. The aluminum film was patterned, using a

resist mask 304, into an island pattern 305 from which gate

electrodes will be formed (Fig. 5A).

The present example made use of the anodization

technique described in Japanese Unexamined Patent

Publication No. 7—l353l8. For further information, refer to

this publication.

First, the island pattern 305 was anodized within a 3%

aqueous solution of oxalic acid while leaving the resist

mask 304 on the island pattern 305, the mask 304 having been

used for the patterning step. At this time, an electrical
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current of 2 to 3 mV was passed, using a platinum electrode

as a cathode. The voltage was increased up to 8 V. Since

the resist mask 304 was left on the top surface, porous

anodic oxide film 306 was formed on the side surfaces of the

island pattern 305 (Fig. SB).

After removing the resist mask 304, anodization was

carried out within a solution prepared by neutralizing a 3%

aqueous solution of tartaric acid with aqueous ammonia. At

this time, the electrical current was set to 5 — 6 mV. The

voltage was increased up to 100 V. In this way, a dense

anodic oxide film 307 was formed.

The above—described anodic oxidation step defined the

unoxidized island pattern 305 into gate electrodes 308.

Internal connecting lines 207c interconnecting the common

contact portions 206C and 206d were created from the

aluminum film described above simultaneously with the gate

electrodes 308.

Then, using the gate electrodes 308 and surrounding’

anodic oxide film 306, 307 as a mask, the silicon oxide film

303 was etched into a gate insulating film 309. This

etching step relied on dry etching using CF4 gas (Fig. 5C).

After the formation of the gate insulating film 309,

the porous anodic oxide film 307 was removed by wet etching

using Al mixed acid.

Thereafter, impurity ions for imparting ‘one

conductivity type were implanted by ion implantation or

plasma doping. Where N-type TFTS are placed in the pixel

region, P (phosphorus) ions may be implanted. Where P—type

TFTS are placed, B (boron) ions may be implanted.

In the present example, the above—described process for

implanting the impurity ions was carried out twice by ion

implantation. The first step was performed under a high
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accelerating voltage of 80 keV. The system was so adjusted

that the peak of the impurity ions was brought under the

ends (protruding portions) of the gate insulating film 309.

The second step was effected under a low accelerating

voltage of 5 keV. The accelerating voltage was adjusted so

that the impurity ions were not implanted under the ends

(protruding portions) of the gate insulating film 309.

In this way, a source region 310, a drain region 311,

lightly doped regions 312, 313, and a channel region 314 for

the TFT were formed. The lightly doped region 313 on the

side of the drain region 311 is also referred to as the LDD

region (Fig. SD).

At this time, it is preferable to implant the impurity

ions to such a dosage that the source and drain regions 310

and 311, respectively, exhibit a sheet resistance of 300 to

500 KEHU. In addition, it is necessary to optimize the

lightly doped regions 312 and 313 according to the

performance of the TFT. After the impurity ion implantation

step, a thermal treatment was carried out to activate the

impurity ions.

Then, a 1 pm~thick—silicon oxide film was formed as a

first interlayer dielectric film 315. The thickness of the

interlayer dielectric film 315 was set to 1 pm to flatten

the surface of the first interlayer dielectric film 315 as

much as possible. This could mitigate the protrusions due

to the gate electrodes 308.

The first interlayer dielectric film 315 may be made of

silicon nitride or silicon oxynitride, as well as silicon

oxide. Alternatively, the first interlayer dielectric film

315 may be a multilayer film of these materials.

Contact holes for gaining access to the source and

drain regions 310 and 311, respectively, were created in the
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first interlayer dielectric film 315. Contact holes for

allowing access to the internal conducting lines 207c were

formed in the common Contact portions 206c and 206d. Then,

a conducting film forming a precursor for source and drain

electrodes 316 and 317, respectively, and for internal

conducting lines 318 was deposited.

In this example, the conducting film was created from a

multilayer film of titanium (Ti), aluminum (Al), and

titanium (Ti) by sputtering. Each of the titanium layers

was 100 nm thick, while the aluminum layer was 300 nm thick.

This multilayer film was patterned to form a source

electrode 316, a drain electrode 317, and internal

conducting lines 318 (Fig. 5E).

The internal conducting lines 318 shown Fig. 5E

correspond to the internal conducting lines 207a and 207b

shown in Fig. 3. These conducting lines 207a and 207b were

connected with internal conducting lines 207c at the common

contact portions 206c and 206d. The internal conducting

lines 207c and the gate electrode 308 were created by the

same processing steps.

Subsequently, an organic resinous film was formed as a

second interlayer dielectric film 319 to-a thickness of 1 to

2 pm. Polyimide, polyamide, polyimidamide, acrylic resin,

or other material may be used as the material of the organic

resinous film. The organic resinous material acts to

planarize the surface of the second interlayer dielectric

film 319. This is important to make the cell gap uniform.

In the present example, polyimide was deposited as the

second interlayer dielectric film 319 to a thickness of 1

pm.

Then, contact holes 320 and 321 were formed in the

second interlayer dielectric film 319 to have access to the
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drain electrode 317 and to the internal conducting lines

318, respectively. The contact holes 321 for the internal

conducting lines 318 were formed in the openings 111 shown

in Fig. 2A. That is, rectangular holes measuring 100 pm X

100 pm were arranged in 5 rows and 5 columns within the

rectangular region 110 measuring 1.1 mm X 1.1 mm. These

holes were spaced 100 pm from each other. Moreover, Contact

holes for connecting the internal conducting lines 318 (207a

and 207b) with the common terminals 205a and 205b at the

extractor terminals 205 were formed.

As described later, the size of each hole was set to

100 pm x 100 pm to set the diameter of the conducting

spacers to 3.5 pm in this example. This provides sufficient

space so that the conductive spacer located at this position

can move. Hence, the conducting spacers are prevented from

being stacked on top of each other.

The area of the left portions of the interlayer

dielectric film 319 in the common contact portions is large

enough to permit the conducting spacers to move. This

assures that the conducting spacers are arranged in these

regions. Consequently, the conducting spacers positioned in

these regions can maintain the cell gap and make electrical

connections reliably.

A thin metal film which would later be made into pixel

electrodes 322 and a conducting pad 323 were formed to a

thickness of 100 to 400 nm. In the present example, the

thin metal film was made of an aluminum film containing 1 wt

% titaniunL and deposited to a thickness of 300 nnx by

sputtering. Then, the thin metal film was patterned to form

the pixel electrodes 322 and the conducting pad 323. This

pad 323 measured 1.1 xmn x 1.1 nmn was rectangular, and

covered the contact holes 321. The extractor terminals 205
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were also patterned. Thus, the TFT substrate was completed

(Fig. 5G).

Referring to Fig. 6, the counter substrate 250

comprised a. transparent plate 251 (N1 which the counter

electrode 252 was formed frmn an ITO film. A glass or

quartz substrate can be used as the substrate 251.

Then, the TFT substrate 200 and the counter substrate

250 were bonded together. This bonding step may be a well-

known cell assembly method.

First, a sealing material was applied to one of the TFT

substrate 200 and the counter substrate 250. In this

example, the sealing material was applied to the counter

substrate 250. A UV—curable and thermosetting resin was

used as the sealing material. This sealing material was

applied around the substrate along straight lines except for

the liquid crystal injection port by a sealant dispenser. A

sealing material to which 3.0 wt % spherical conducting

spacers 401 were added was applied to regions 254a — 254d

shown in Fig. 4. The sealing material to which the

conducting spacers were added functioned as an anisotropic

conducting film.

Generally, the conducting spacers 401 consist of

resinous spheres coated with a conducting film. In the

present example, the conducting spacers 401 were coated with

gold (Au). The diameter of the conducting spacers 401 may

be larger than the cell gap by about 0.2 to 1 pm. In this

example, the conducting spacers 401 had a diameter of 3.5 pm

‘to set the cell gap to 3 pm. After applying the sealing

material, it was temporarily baked.

Thereafter, spacers 402 were dispersed onto one of the

TFT substrate 200 and the counter substrate 250 to maintain

the cell gap. In this example, the spacers 402 were applied
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to the counter substrate 250. To set the cell gap to 3 pm,

spherical spacers of a polymeric material were used as the

spacers 402.

Then, the TFT substrate 200 and the counter substrate

250 were held opposite to each other, and they were pressed

against each other until the cell gap in the pixel region

was decreased to the diameter of the spacers 402. Under the

pressed state, UV light was directed at this assembly for

more than 10 seconds to cure the sealing material. The cell

gap was fixed. Then, the assembly was heated under

pressure, thus enhancing the adhesive strength.

Subsequently, a liquid crystal material was injected,

and the entrance hole was sealed off, thus completing the

cell assembly process. As shown in Fig. 6, the counter

electrode 252 on the counter substrate 250 was electrically

connected with the conducting pad 323 on the TFT substrate

200 by the conducting spacer 401. On the TFT substrate, the

conducting pad 323 connected the internal conducting lines

318 with the common terminals. This connection structure

permitted the counter electrode 252 on the counter substrate

250 to be connected with an external power supply via the

conducting lines on the TFT substrate. Fig. 1 is an

enlarged View of the common Contact portion of Fig. 6.

In the present example, to set the cell gap to 3 gm,

the spacers 402 applied to the pixel region had a diameter

of 3 pm. The diameter of the conducting spacers 401 was 3.5

pm. Setting the diameter of the conducting spacers greater

than the diameter of the spacers 402 (i.e., the cell gap)

made reliable the connection between the counter electrode

252 and the conducting pad 318. When the two plates were

being clamped together to bond them together, the conducting

spacers 401 were crushed because they‘ were larger in
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diameter than the cell gap. This increased the areas of the

portions in Contact with the counter electrode 252 and with

the conducting pad 318, respectively. Hence, the electrical

connection was rendered more reliable. Furthermore, the

cell gap could be maintained at the same dimension as in the

pixel region.

In this example, the internal conducting lines 318 were

made of the precursor for the source and drain electrodes

316 and 317, respectively. It is only necessary for the

internal conducting lines 318 to be under the pixel

electrodes 322. For instance, where a black matrix

consisting of a conducting film of titanium or the like is

formed inside the second interlayer dielectric film 315, the

internal conducting lines 318 can be formed front this

conducting film.

In the present example, it is important to flatten the

surface of the second interlayer dielectric film 319 on

which the pixel electrodes 322 are formed in order to make

uniform the cell gap. Also, the flatness of the surface of

the first interlayer dielectric film 315 where the internal

conducting lines 318 are formed is important.

Methods of obtaining an interlayer dielectric film

having a flat surface include a method of increasing the

thickness of the interlayer dielectric film, a leveling

method using an organic resinous film, a mechanical

polishing method; and etch—back techniques. The present

example made use of the method of increasing the film

thickness to planarize the first interlayer dielectric film

315. Also, the method of relying on leveling using an

organic resinous film was used to flatten the first

interlayer dielectric film 315. Other methods may also be

employed for the same purpose.
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In a. liquid crystal display £31 accordance with. the

present example, a dichroic dye may be dispersed in the

liquid crystal layer. Orientation films may be deposited on

the TFT substrate and on the counter substrate. Color

filters may be formed on the counter substrate. The

practitioner may appropriately determine the kind of the

liquid crystal layer, the presence or absence of the

orientation films and the color filters according to the

driving method, the kind of the liquid crystal, and other
factors.

For instance, where the color filters are mounted on

the counter substrate 250, the color filters are not formed

at the common contact portions and so steps are formed

between the pixel region and the common contact portions on

the counter substrate. To compensate for these steps, it is

necessary to make the diameter of the conducting spacers

larger by an amount almost equal to the thickness of the

color filter.

In the present example, the liquid crystal display is

of the reflection type. A transmissive liquid crystal

display may also be fabricated. In this case, the precursor

for the pixel electrode and for the conducting pad may be

made of a transparent ITO film or the like.

In the example described above, the transistor is a

coplanar TFT that is a typical top—gate TFT. It may also be

a bottom—gate TFT. In addition, thin—film diodes, metal-

insulator—metal (MIM) devices, metal—oxide varistors, and

other devices can be used, as well as the TFTs.

EXAMPLE 2

The present example is a modification of the common

Contact portions of Example 1. Fig. 7 is a fragmentary
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cross~sectional View of an active—matrix display in

accordance with the present example. The configuration of a

TFT substrate shown in Fig. 7 is the same as the

configuration shown in Fig. 6, and some reference numerals

are omitted. Like components are indicated by like

reference numerals in both Figs. 6 and 7. Fig. 9 is an

enlarged view of the common contact portion shown in Fig. 7.

In Example 1 shown in Fig. 6, the counter electrode 252

consists of an ITO film that is a transparent conducting

film. Therefore, the counter electrode 252 and the

conducting spacers 401 are larger in electrical resistance

than metal films. The present example is intended to reduce

this electrical resistance.

Accordingly, the resistance value between the counter

electrode 252 and the conducting spacers 401 can be lowered

by forming a metallization layer on the counter substrate

250 and patterning the metallization layer into conducting

pads, or conducting film, 501 at the common contact portions

254a — 254d. Importantly, the conducting film forming the

conducting pads 501 is lower in electrical resistance than

the conducting film forming the counter electrode 252.

Where the black matrix on the counter substrate is

formed from a conducting film as consisting of chromium, the

connecting pads 501 can be formed from this conducting film.

When the conducting film is patterned to form the black

matrix, the connecting pad 501 may be created.

EXAMPLE 3

The present example is a modification of Example 2.

Fig. 8 is a fragmentary cross—sectional view of an active-

matrix display in accordance with the present example. The

TFT substrate shown in Fig. 8 is identical in structure with
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that shown in Fig. 6, and some reference numerals are

omitted in Fig. 8. It is noted like components are denoted

by like reference numerals in both Figs. 6 and 8. Fig. 10

is an enlarged View of the common Contact portion of Fig. 8.

In Example 1, both counter substrate 251 and counter

electrode 252 are transparent to light and so the

distribution of the conducting spacers 401 on the common

contact portions can be visually observed from the side of

the counter substrate 250 after both substrates have been

bonded together. In Example 2, however, the connecting pad

501 consisting of metallization layer is formed and,

therefore, the distribution of the conducting spacers 401

cannot be visually checked.

The present example is intended to permit one to

visually observe the distribution of the conducting spacers

401 while a connecting pad is provided to lower the

resistance value. For this purpose, the connecting pad,

601, is provided with openings formed at selected locations.

One can observe the conducting spacers 401 through these

openings.

Fig. 11 is a top plan view of the contact portions

according to the present example, taken from the side of the

counter substrate. Fig. 10 is a cross—sectional view of the

common contact portion in a region 600 surrounded by the

broken line. As shown in Fig. 11, the conducting pad 601 is

formed with openings 602. In each opening 602, there exist

only the counter substrate 251 and the counter electrode

252, ‘both of which have transparency. Hence, the

distribution of the conducting spacers 401 can be observed

through the openings 602.

To maintain the cell gap, the openings 602 should be

formed opposite to the Contact holes 321 formed in the
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second interlayer dielectric film of the TFT substrate. At

these locations, the conducting spacers 401 are not in

contact with the counter electrode. The area of each

opening 602 should be slightly larger than the area of each

contact holes 321 formed in the second interlayer dielectric

film, i.e., about several to thirty percent greater. The

number of the openings 602, their arrangement, and their

shape are not limited to the example of Fig. 11. Rather,

one can arbitrarily set these geometrical factors.

Setting each opening 602 in the connecting pad 601

slightly larger than each contact holes 321 makes it

possible to visually check the conducting pad 602 on the

second interlayer dielectric film 319, which contributes to

electrical connection.

In Examples 2 and 3, the cell gap in the common contact

portions is made uniform. At the same time, the contact

resistances of the conducting spacers 401 and of the counter

electrode 252 are decreased. If the main purpose is to

lower these resistance values, the common contact portions

on the TFT substrate may have the prior art structure as

shown in Fig. 13. In this case, any of the connecting pads

S01 and 601 described in Examples 2 and 3, respectively, may

be formed between the substrate 23 and the counter electrode

24 at the common contact portions 16 shown in Fig. 13.

In Examples 1 — 3 described above, the present

invention is applied to active—matrix liquid crystal

displays. The Contact structure in accordance with the

present invention is applicable to any apparatus having a

contact structure for electrically connecting conductors

formed on one substrate with conducting conductors formed on

the other opposite substrate via conducting spacers. For

example, the novel contact structure can connect ICs built
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on different silicon wafers.

The common contact structure in accordance with the

present invention can eliminate variations of the cell gap

among liquid—crystal cells even if the film thickness varies

among interlayer dielectric films. Also, poor contacts due

to conducting spacers can be reduced.

In particular, in accordance with the present

invention, the cell gap depends only on the size of

conducting spacers. Therefore, where the conducting spacers

are uniform in size, the cell gap between opposite

substrates or plates can be made uniform among different

liquid—crystal cells, if the thickness of a dielectric film

electrically insulating the first and second conducting

films is different among different liquid—crystal cells.
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IN THE CLAIMS:

1. An active matrix display device comprising:

a first substrate:

a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having at least two openings;

a second conductive film provide on said second interlayer insulating film

and in said openings;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film ins aid openings;

wherein at least one of said conductive spacers is held over said second

interlayer insulating film and in contact with both said second conductive film

and said third conductive film.

2. An active matrix display device according to claim 1, wherein each of said

conductive spacers is a sphere coated with gold.

3. An active matrix display device according to claim 1, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidamide and acrylic resin.

4. An active matrix display device according to claim 1, wherein siad active

matrix display device further comprises a fourth conductive film between said

third conductive film and second conductive film.

5. An active matrix display device according to claim 1, wherein said active

matrix display device is a liquid crystal display device.
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6. An active matrix display device comprising:

a first substrate;

a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having at least two openings;

a second conductive film provided on said second interlayer insulating

film and in said openings;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film in said openings,

wherein said conductive spacers are dispersed into a sealing material,

wherein at least one of said conductive spacers is held over said second

interlayer insulating film and in contact with both said second conductive film

and said third conductive film.

7. An active matrix display device according to claim 6, wherein each of said

conductive spacers is a sphere coated with gold.

8. An active matrix display device according to claim 6, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting ofpolyimide, polyamide, polyimidamide and acrylic resin.

9. An active matrix display device according to claim 6, wherein said active

matrix display device further comprises a fourth conductive film between said

third conductive film and said second conductive film.

10. An active matrix display device according to claim 6, wherein said active

matrix display device is a liquid crystal display device.

11. An active matrix display device comrpising:



Exhibit 1002, page 37

a first substrate;

a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having at least two openings;

a second conductive film provided on said second interlayer insulating

film and in said openings;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and

said second substrate;

wherein said first conductive film is connected with said second

conductive film in said openings;

wherein at least one of said conductive spacers is held over said

second interlayer insulating film and in contact with both said

second conductive film and said third conductive film,

wherein each of said openings occupies an area larger than an

area occupied by each of said conductive spacers

12. An active matrix display device according to claim 11, wherein each of said

conductive spacers is a sphere coated with gold.

13. An active matrix display device according to claim 11, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidamide and acrylic resin.

14. An active matrix display device according to claim 11, wherein said active

matrix display device further comprises a fourth conductive film between said

third conductive film and said second conductive film.

15. An active matrix display device according to claim 11, wherein said active

matrix display device is a liquid crystal display device.

16. An active matrix display devicevcomprising:
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a first substrate;

a first interlayer insulating film provided over said first substrate:

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film in said opening,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in contact with both said second

conductive film and conductive film.

17. An active matrix display device according to claim 16, wherein each of said

conductive spacers is a sphere coated with gold.

18. An active matrix display device according to claim 16, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting ofpolyimide, polyamide, polyimidamide and acrylic resin.

19. An active matrix display device according to claim 16, wherein said active

matrix display device further comprises a fourth conductive film between said

third conductive film and said second conductive film.

20. An active matrix display device according to claim 16, wherein said active

matrix display device is a liquid crystal display device.

21. An active matrix display device comprising:

a first substrate;
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a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film in said opening,

wherein said conductive spacers are dispersed into a sealing material,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in contact with both said second

conductive film and said third conductive film.

22. An active matrix display device according to claim 21, wherein each of said

conductive spaces is a sphere coated with gold.

23. An active matrix display device according to claim 21, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting ofpolyimide, polyamide, polyimidamide and acrylic resin.

24. An active matrix display device according to claim 21, wherein said active

matrix display device further comprises a fourth conductive film between said

third conductive film and said second conductive film.

25. An active matrix display device according to claim 21, wherein said active

matrix display is a liquid crystal display device.

26. An active matrix display device comprising:

a first substrate;
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a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening.

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between siad first substrate and said

second susbtrate;

wherein said first conductive film is connected with said second

conductive film in said opening,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in conatact with both said second

conductive film and said third conductive film,

wherein said opening occupies an area larger than an area occupied by

each of said conductive spacers.

27. An active matrix display device according to claim 26, wherein each of said

conductive spacers is a sphere coated with gold.

28. An active matrix display device according to claim 26, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidarnide and acrylic resin.

29. An active matrix display device according to claim 26, wherein said active

matrix display device further comprises a fourth conductive film between said

third conductive film and said second conductive film.

30. An active matrix display device according to claim 26, wherein said active

matrix display device is a liquid crystal display device.
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ABSTRACT OF THE DISCLOSURE

There is disclosed a contact structure for electrically

connecting conducting lines formed on a first substrate of

an electrooptical device such as a liquid crystal display

with conducting lines formed on a second substrate via

conducting spacers while assuring a uniform cell gap among

different cells if the interlayer dielectric film thickness

is nonuniform across the cell or among different cells. A

first conducting film and a dielectric film are deposited on

the first substrate. Openings are formed in the dielectric

film. A second conducting film covers the dielectric film

left and the openings. The conducting spacers electrically

connect the second conducting film over the first substrate

with a third conducting film on the second substrate. The

cell gap depends only on the size of the spacers, which

maintain the cell gap.
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Docket No.: 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Divisional Application of )

Yoshiharu HIRAKATA et al ) Art Group: 2871

Based on Serial No.: 09/361,218 ) Examiner: D. Nguyen

Which was filed: July 27, 1999 )

For: CONTACT STRUCTURE )

NOTICE OF CHANGE OF ADDRESS
and

NOTICE OF CHANGE OF NAME

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

Effective immediately, please note that the address and the firm name of the

attorney of record in the above-referenced application has been changed. Please

direct all future correspondence to:

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

Telephone (703) 790-9110

Facsimile (703) 883-0370

Respectfully submitted,

Eric J. Robinson

Registration No.: 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102
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CONTACT STRUCTURE

BACKQROUND OF THE INVENTION

Field of the Invention

The present invention relates to a contact structure
for electrically connecting together conducting lines formed
on two opposite substrates, respectively, via conducting
spacers and, more particularly, to a contact structure used
in common contacts of an electrooptical device such as a

liquid crystal display.

Description of the Related Art

In recent years, liquid crystal displays have been
extensively used in the display portions of mobile
intelligent terminals such as mobile computers and portable
telephones including PHS (personal handyphone system).
Also, active—matrix liquid crystal displays using TFTs as

switching elements are well known.

A liquid crystal display comprises two substrates and a.

liquid crystal material sealed between them. Electrodes are
formed on these two substrates to set up electric fields. A
desired image or pattern is displayed by controlling the

magnitudes of these electric fields. In the active—matrix
liquid crystal display, TFTS (thin—film transistors) are
formed on one substrate to control the supply of voltage_to

each pixel electrode. Therefore, this substrate is referred
to as the TFT substrate. A counter electrode placed

-opposite to the pixel electrodes is formed on the other
substrate and so it is referred to as the counter substrate.

In the active matrix display, an electric field is

produced between each pixel electrode on the TFT substrate
and the counter electrode on the counter substrate, thus
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providing a display. The potential at each pixel electrode
on the TFT substrate is controlled by the TFT and thus is
varied. On the other hand, the counter electrode on the

counter substrate is clamped at a common potential. For

this purpose, the counter electrode is connected with an
extractor terminal Via a common contact formed on the TFT

substrate. This extractor terminal is connected with an

external power supply. This connection structure clamps the
counter electrode at the common potential.

The structure of the common contact of the prior art

activeematrix liquid crystal display is next described

briefly by referring to Figs. 12 - 14.

Fig. 12 is a top plan View of a TFT substrate 10. This

TFT substrate comprises a substrate 11 having a pixel region
12, a scanning line driver circuit 13, and a signal line

pdriver circuit 14. In the pixel region 12} pixel electrodes
and TFTs connected with the pixel electrodes are arranged in
rows and columnsf The scanning line driver circuit 13

controls the timing at which each TFT is turned on and off.

The signal line driver circuit 14 supplies image data to the
pixel electrodes. Furthermore, there are extractor
terminals 15 to supply electric power and control signals

from the outside. The substrate 11 makes connection with

the counter electrode at common contact portions 16a - 16d.

Fig. 13 is a cross-sectional view of the pixel region
12 and a common Contact portion 16 representing the common

contact portions 16a — 16d. A TFT 17 and many other TFTs

(not shown) are fabricated in the pixel region 12 on the
substrate 11. An interlayer dielectric film 18 is deposited

on the TFT 17. A pixel electrode 19 connected with the

drain electrode of the TFT 17 is formed on the interlayer

dielectric film 18.
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A precursor for the source and drain electrodes of the
TFT 17 is patterned into internal conducting lines 21 at the‘

common contact portion 16. The interlayer dielectric film

18 is provided with a rectangular opening. A conducting pad
22 is formed in this opening and connected with the internal

conducting lines 21. The pixel electrode 19 and the

conducting pad 22 are patterned from the same starting film.

Fig. 14 is a top plan View of the known common contact
portion 16. A region located inside the conducting pad 22
and indicated by the broken line corresponds to the opening

formed in the interlayer dielectric film 18.

As shown in Fig. 13, a counter electrode 24 consisting

of a transparent conducting film is formed on the surface of

a counter substrate 23. This counter electrode 24 is
opposite to the pixel electrodes 19 in the pixel region 12
and to the conducting pad 22 at the common contact portion
16.

Spherical insulating spacers 25 are located in the

pixel region 12 to maintain the spacing‘ between the
substrates 11 and 23. A spherical conducting spacer 26 is

conducting lines 21, which in turn are electrically

connected with an extractor terminal 15. This connection

structure connects the counter electrode 24 on the counter

substrate 23 with the extractor terminal 15 on the substrate
11.

A In the prior art liquid crystal display, the interlayer

dielectric film 18 is provided with the opening at the

common contact portion 16, as shown in Fig. 13. Therefore,
the cell gap Ge in the common contact portion is almost equal
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to the sum of the cell gap G; in the pixel region + the film.H
thickness t of the interlayer dielectric film 18.

The cell gap Gp (also known as the cell spacing) in the

pixel region 12 is determined by the insulating spacers 25.
It is common practice to use standardized spacers as the

insulating spacers 25 and so if the spacers 25 have a

uniform diameter, the cell gap Gp in the pixel region 12 is

substantially uniform among liquid—crystal-cells. However,

it is difficult to avoid nonuniformity of the cell gap G5 in

the common contact portion among liquid—crystal cells.

The cell gap Ge in the common contact portion is

constant since the cell gap Gp is constant because of the

relation described above. Therefore, the cell gap G: in the
common contact portion depends only on the film thickness t
of the interlayer dielectric film 18. Consequently, to make

the cell gap-Ge uniform among liquid—crystal cells, it is

necessary that the film thickness t of this interlayer

dielectric film 18 be uniform among cells. However, this is

impossible to circumvent. I
Normally, the common contact portions of the liquid

crystal display are 2 to 4 in number. The film thickness t
of the interlayer dielectric film 18 may differ from

location to location on the same substrate. In this case;

the film thickness t may differ among different common

contacts even on the same substrate.

Because of the‘ aforementioned. nonuniformity' of the

thickness t of.the interlayer dielectric film 18, the cell

gap Gc in the common contact portion differs among different

cells or different common contacts. Furthermore, the

nonuniformity of the cell gap Gc results in the cell gap Gp

in the pixel region to be nonuniform.
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The cell gap Gp in the pixel region is affected more by
the nonuniformity of the cell gap Gc in the common Contact

portion as the area of the pixel region 12 becomes narrower
than the area of the common Contact portion. Especially, in
the case of a projection display as used in‘a projector, the
problem of above—described nonuniformity of the cell gap Gp
in the pixel region becomes conspicuous, because it is a
quite accurate small-sized display of about 1 to 2 inches.

A standardized spacer is also used as the conducting

spacer 26. The diameter of this conducting spacer 26 is
determined by the diameter of the insulating spacers 25 in
the pixel region 12 and by the design thickness of the
interlayer dielectric film 18. Where the thickness of the
interlayer dielectric film 18 is much larger than the
designed value, the cell gap G: in the common Contact portion

becomes very large.

counter electrode with the conducting’ pad. well by the
conducting spacer 26. In consequence, the counter electrode
cannot be clamped at the common potential. As a result, a

display cannot be provided.

S Y OF E INVEN ION

It is an object of the present invention to provide a
contact structure which is free of the foregoing problems,
provides less nonuniform cell gap among different cells if
the thickness of the interlayer <dielectric film is
nonuniform across the_cell or among different cells, and
reduces poor electrical contacts which would normally be
caused by conducting spacers. _

This object is achieved in accordance with the
teachings of the invention by a _contact structure for
connecting a conducting film formed on a first substrate

This makes it impossible to connect the“
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with a conducting film formed on a second substrate opposite
to the first substrate, the contact structure comprising: a f
cell gap defined between the first and second substrates; a
first conducting film formed on the first substrate; a

dielectric film covering the first conducting film; openings

formed in the dielectric film to expose parts of the first
conducting film by selectively leaving the dielectric film;

a second conducting film covering the dielectric film left

and the openings; a third conducting film formed on the

second substrate; and conducting spacers held between the
first and second substrates and connecting the second and

third conducting films. The second conducting film is
connected with the first conducting film. through the

openings. The second conducting film, the conducting
spacers, and the third conducting film are connected in turn
on the dielectric film left. The conducting spacers

maintain the cell gap between the first and second
substrates.

One embodiment of the invention resides in a contact

structure for connecting a conducting film formed on a first
substrate with a conducting film formed on_ a second

substrate opposite to the first substrate, .the Contact

structure comprising: a cell gap defined between the first

and second substrates; a first conducting film formed on the

first substrate; a dielectric film coveringi the first

conducting film; openings formed in the dielectric film to

~expose parts of the first conducting film; an insulator

deposited on only portions of the first conducting film

exposed through the openings; a second conducting film
covering the openings; a third conducting film formed on the

second substrate; and conducting spacers held between the

first and second substrates and connecting the second and
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third conducting films. The second conducting film is

connected with the first conducting film through the
openings extending through the ‘insulator. The second
conducting film, the conducting spacers, and the third
conducting film are connected in turn through the openings
extending through the insulator. The conducting spacers

maintain the cell gap between the first and second
substrates.

Another embodiment of the invention resides ‘in a

contact structure for connecting a conducting film formed on

a first substrate of an electrooptical device with a counter

electrode formed on a second substrate opposite to the first

ysubstrate, which has pixel electrodes formed thereover, the
contact structure comprising: a cell gap defined between the

first and second substrates; a first conducting film formed
on the first substrate and under the pixel electrodes; an

interlayer dielectric film covering the first conducting
film; openings formed in the interlayer dielectric film to

expose parts of the first conducting film by selectively
leaving the interlayer dielectric film;a second conducting
film defining the counter electrode formed on the second
substrate; a third conducting film covering the interlayer
dielectric film left and the openings; and conducting

spacers held between the first and second substrates and
connecting the second and third conducting films. The
second conducting film is connected with the first
conducting film through the openings. The third conducting

film and the pixel electrodes are formed from a common

starting film. The second conducting film, the conducting
spacers, and the third conducting film are connected in turn
on the dielectric film left. The conducting spacers

maintain the spacing between the first and_ second
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substrates.

A further embodiment of the invention resides in a

Contact structure for connecting a first conducting film

formed over a first substrate of an electrooptical device

with» a counter electrode formed on a second substrate
opposite to the first substrate, which has pixel electrodes
formed thereon, the contact structure comprising: a cell gap

defined between the first and second substrates; a first
conducting film formed on the first substrate and under the

pixel electrodes; an interlayer dielectric film covering the
first conducting film; openings formed in the interlayer

dielectric film to expose parts of the first conducting

film; an- insulator formed on selected. portions of the
surface of the first conducting film extending through the

openings; a second conducting film covering the openings; a
third conducting film defining the counter electrode formed

on the second substrate; conducting spacers held between the

first and second substrates and connecting the second and

third conducting films. The pixel electrodes and the second

conducting film are formed from a common starting film. The
second iconducting film is connected with the ‘first
conducting film through the openings extending through the
insulator. The second conducting film, the conducting

spacers, and the third conducting film are connected in turn
on the insulator formed in the openings. The conducting

spacers maintain the cell gap between the first and second
substrates.

A still other embodiment of the invention resides in a

contact structure for connecting a conducting film formed on

a first substrate with a conducting film formed on a second

substrate opposite to the first substrate, the contact

structure comprising: a cell gap defined between the first
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and second substrates; a first conducting film formed on the

first substrate; a dielectric film covering the first

conducting film; openings formed in the dielectric film and

exposing parts of ~the first conducting film; a second
conducting film covering the openings;a third conducting

film formed over the second substrate;a fourth conducting

film formed between the second substrate and the third

conducting film and in contact with the third conducting

film; and conducting spacers held between the first and

second substrates. The first conducting film, the second

conducting film, the conducting spacers, the third

conducting film, and the fourth conducting films _are

connected» in _turn through the openings. The spacers

maintain the cell gap between the first and second

substrates. 4

Other objects and features of the invention will appear

in the course of the description thereof, which follows.

BRIE DESCRIPTION THE DRAWINGS

Fig. 1 is a fragmentary cross-sectional View of a

common contact portion in accordance with‘ the present

‘V’ invention; ’;V?f 4f,M’I¥
Figs. 2A and 2B are top plan views of the common

contact portion shéwn in Fig. 1; b

Fig. 3,is a top plan view of the TFT substrate of a

liquid crystal display in accordance with Example 1 of the
invention; ' V

Fig. 4 is a top plan view of the counter substrate of

the liquid oiystal display in accordance with Example 1; .
Figs.¢5A -456 are cross-sectional views illustrating a

process sequence for fabricating the TFT substrate shown in
Fig. 3:
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Fig.j%//fis a fragmentary cross—sectional view of a ,
pixel region and a common contact portion of the liquid‘

crystal disgflay in accordance with Example 1;
Fig. 7 is a cross—sectional view similar to Fig. 6, but

illustrating Example 2 of the invention;
Fig. 8 is a cross—sectional View similar to Fig. 6, but

illustrating Efiample 3 of the invention;

Fig. 9 is an enlarged cross—sectional view of the

common contact portion shown in Fig. 7;

Fig. IO is-an enlarged cross—sectional View of the

common contacfJportion shown in Fig. 8;

Fig. 11 is a top plan view of the common contact

portion shown in Fig. 8;

Fig. 1 is a top plan view of the TFT substrate of the.
prior art liqu3d crystal display;

Fig. $8 is a cross—sectional View of a pixel region and
a common contact,portion on the TFT substrate shown in Fig.

12; and _

Fig. 3; ii; a top plan View of the common contact
portion shown in Fig. 13.

DETAILED DESCRIEIION OF THE Ifl\_}ENTION

EMBODIMENT l D
The present embodiment of this invention is described

by referring to Figs. 1, 2A and 2B. Fig. 1 is a fragmentary
cross—sectional view of a common contact portion of a liquid

crystal display in accordance with the present embodiment.

Figs. 2A and 2B are top plan views of the TFT substrate of
the liquid crystal display. The structure of a region 120

shown in Fig. 2A is depicted in the enlarged cross section

of Fig. 1.

As shown in Fig. 13, in the prior art structure, the
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spacers in the pixel region 12 are located over the

interlayer insulating film 18-via the pixel electrode 19.

However, the interlayer dielectric film 18 does not exist

under the conducting pad 22 at the common contact portion

16. Hence, the cell gap G: in the common contact portion

depends on the thickness of the interlayer dielectric film
18.

Accordingly, in the present embodiment, an insulator,

or a dielectric, is inserted under the conducting pad in the

common contact portion. Conducting spacers are placed on

top of the dielectric, so that the cell gap G: in the contact

portion does not depend on the_thickness of the interlayer

dielectric film 18.. In the present embodiment, openings are
formed, selectively leaving the interlayer dielectric film
18.

In the present embodiment, as shown in Fig. 1, a first

conducting film 103 is formed on a first substrate 101. A

dielectric film 104 is deposited on the first conducting

film 103. The dielectric film 104 is selectively left to
form openings 111 that expose parts of the first conducting

film 103. A second conducting film 105 is formed so as to

cover the left parts of the dielectric film, 104a, and the

openings 111.

A third conducting film 106 is formed on the second

substrate 102. Conducting spacers 107 are sandwiched

between the first substrate 101 and the second substrate

102.

In-the prior art opening 110 shown in Fig. 2A, the

dielectric film 104 has been fully removed. In the present

embodiment, the dielectric film 104 is selectively left to

form the dielectric film portions 104a and the openings 111d

The openings 111 expose parts of the first conducting film
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103. The first conducting film 103 is connected with the

second conducting film 105 at these openings 111.
On the first substrate 101, the left dielectric film

104a is closest to the second substrate 102; therefore, on

the left dielectric film 104a, the second conducting film

105 formed on the first substrate electrically connects with
the third conducting film 106 formed on the second

conducting film 102 through the conducting spacer 107, as

shown in Fig. 1.

In region 110, the left dielectric film 104a is closest

to the second substrate; therefore, the conducting spacers

107 electrically connecting the second conducting film 105

with the third conducting film 10$ maintain the gap G
between the substrates. Consequently, this gap‘ G is

dependent only on the size of the conducting spacers 107.
Therefore, where the conducting spacers 107 are uniform
among liquid—crystal cells, the gap G can be made uniform
among cells, even if the thickness t of the dielectric film
104 differs among cells.

In the present embodiment, it is desired that the area
of each opening 111 be sufficiently larger than the area

occupied by each conducting spacer and offer space so that
the conducting spacers can move freely, because the spacers

107 existing in the openings 111 do not contribute toward

maintaining the gap. Otherwise, plural conducting spacers"
107 would be stacked on top.of each other, making it

impossible to maintain the cell gap G uniform across the

Also in the present embodiment, it is desirable that
the area of the surface of each left dielectric film portion

104a be sufficiently larger than the area occupied by each

conducting spacer 107, assuring arrangement of the
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conducting spacers 107. If the spacers 107 are not

positioned over the dielectric.film 104a with certainty, it‘
will not be possible to make electrical connections between
the first and second substrates. Furthermore, the gap will
not be maintained.

The openings 111 are formed as shown in Fig. 2A in the

‘present embodiment. The relation between the left
dielectric film 104a and each opening 111 may be reversed as
shown in Fig. 2B. It is that noted Fig. 1 is an enlarged
view of the region 120 indicated by the broken line in Fig.
2B.

EMBODI}/_I§.}1$ 2 b

I The present embodiment is described by referring to

Figs. 1 and 2A. Fig. l is a cross—sectional view of a
common contact portion of the liquid crystal display in.

accordance with the present embodiment. Fig. 2A is a top

plan view of the TFT_ substrate of the liquid crystal
display. Fig. 1 is an enlarged cross—sectional view of the
region 120 indicated by the broken line in Fig. 2A.

A dielectric is inserted under a conducting pad in the

common contact portion, in the same manner as in Embodiment

1. Conducting spacers are positioned on the dielectric-

Thus, the cell gap Gc in the common contact portion does not

depend on the thickness of the interlayer dielectric film
18. The present embodiment is characterized in that the
dielectric film 18 is selectively left to form.openings.

In particular, in the present embodiment, the
dielectric layer is formed underneath the conducting pad 22.
The conducting spacers are positioned on the dielectric.

Consequently, the cell gap G: in the common contact portion

.is not dependent on the thickness of the interlayer
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dielectric film 18.

Referring to Fig. 1, a first conducting film 103 is

formed on top of a first substrate 101. A dielectric film

104 covers the first conducting film 103. The dielectric
film 104 is provided with openings 111 to selectively expose

the surface of the first conducting film 103. The exposed

portions of the dielectric 104 are indicated by 104a. A
second conducting film 105 is formed to cover the openings
111.

A third conducting film 106 is formed on the second

substrate 102. Conducting spacers 107 are located between

the first substrate 101 and the second substrate 102.

Fig. 2A is a top plan view of the TFT substrate, and in

which the second conducting film 105_is not yet deposited.

In Fig. 2A, the region 110 indicated by the broken line
corresponds to the opening for the common contact formed in.'
the interlayer dielectric film 18 of the prior art

structure. A dielectric 104a is selectively deposited to

leave portions, of the first conducting film 103 to be

where the dielectric 104a is not deposited. The exposed

portions of the first conducting film 103 are connected with
the overlying second conducting film 105. '

On the first substrate 101, the dielectric 104a is

closest to the second substrate. As shown in Fig. 1, on the
dielectric 104a, conducting spacers 107.electrically connect
the second conducting film 105 on the first substrate 101

with the third conducting film 106 on the second substrate
102.

The dielectric 104a is closest to the second substrate
102. Therefore, the conducting spacers 107 electrically
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connecting the second conducting film 105 with the third

conducting film 106 hold the cell gap G. In consequence,

the gap G is dependent only on the size of the conducting

spacers 107. Where the spacers 107 are uniform in size, the

cell gap G can be rendered uniform among liquid—crystal

cells even if the thickness t of the dielectric film 104

differs among cells. n

In the present embodiment, the area of each portion not

covered with the dielectric 104a is preferably sufficiently

wider than the area occupied by one conducting spacer 107

and permits the conducting spacers 107 to move freely,

because the spacers 107 existing in the regions where the

dielectric 104a is not present do not contribute toward

maintaining the gap. Otherwise, plural conducting spacers

107’ would beystacked on top of each other, making it

impossible to maintain the cell gap G uniform across the
cell.

Also in the present embodiment, it is-desirable that

the area of each portion of the dielectric film 104a be

sufficiently larger than the-area occupied by one conducting

spacer 107 and that the conducting spacers 107 be arranged
with certainty. If the spacers 107 are not positioned on

the dielectric film 104a with certainty, it will not be

possible to make electrical connections between the first

and second,substrates. ‘Furthermore, the cell spacing will

not be maintained.

In this embodiment, the dielectric 104a is deposited as

shown in Fig. 2A. The relation between the regions where

the dielectric 104a is deposited and each region where the

first conducting film 103 is exposed may be reversed as

shown in Fig. 28.
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EXAMP 1

In this example, the present invention is applied to a

common Contact portion of a reflection—type liquid crystal

display. Fig. 3 is a top plan View of the TFT substrate of
this liquid crystal_display. Fig. 4 is a top plan View of
the counter substrate of the liquid crystal display.

Referring to Fig. 3, the TFT substrate 200 comprises a

substrate 201 having a pixel region 202, a scanning line

driver circuit 203, and a signal line driver circuit 204.

Pixel electrodes and TFTS connected iwith the pixel
electrodes are arranged in rows and columns in the pixel

region 202. The scanning line driver circuit 203 controls
the timing at which each TFT is turned on and off. The

signal line driver circuit 204 supplies image data to the

pixel electrodes. Extractor terminals 205 are also provided
to supply electric power and control signals from the
outside. Common contact portions 206a ¥ 206d form junctions

with the counter electrode.

As shown in Fig. 4, the counter substrate 250 comprises

a substrate on which a counter electrode 252 consisting of a

transparent conducting film is deposited. A central

rectangular region 253 is opposite to the pixel region 202
of the TFT substrate 200. Four corner regions 254a — 254d

are electrically connected with the contact portions 206a —

206d, respectively, of the TFT substrate 200.

As shown in Fig. 3, conducting pads are formed in the

common contact portions 206a — 206d, respectively, of the

TFT substrate 200. These conducting pads are electrically

connected together by internal conducting lines 207a - 207c.

The internal lines 207a and 207b extend to the extractor
terminals 205 and are electrically connected with common

terminals 205a and 205b, respectively.
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A process sequence for manufacturing the pixel region
202 and the common contact portion 206a - 206d on the TFT

substrate is next described by referring to Figs. 5A — SG.

First, the substrate 201 having an insulating surface

was preparedf In the present example, a silicon oxide film
was formed as a buffer film on the glass substrate. An

active layer 302 consisting of a crystalline silicon film
was formed over the substrate 201. Although only one TFT is
shown, millions of TFTs are built in the pixel region 202 in

practice.

In the present example, an amorphous silicon film was

thermally crystallized to obtain the crystalline silicon

film. This crystalline silicon film was patterned by an

ordinary photolithographic step to obtain the active layer
302. In this example, a catalytic element such as nickel
for promoting the crystallization was added during the

crystallization. This technology is described in detail in

Japanese Unexamined Patent Publication No.7-130652.

Then, a silicon oxide film 303 having a thickness of

150 nm was formed. An aluminum film (not shown) containing

0.2% by weight of scandium was deposited on the silicon

oxide film 303. The aluminum film was patterned, using a

resist mask 304, into an island pattern 305 from which gate

electrodes will be formed (Fig. SA).

The present example made use of the anodization

technique described in Japanese Unexamined Patent

Publication No. 7-135318. For further information, refer to

this publication.

First, the island pattern 305 was anodized within a 3%

aqueous solution of oxalic acid while leaving the resist
mask 304 on the island pattern 305, the mask 304 having been

used for the patterning step. At this time, an electrical
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current of 2 to 3 mV was passed, using a platinum electrode

as a cathode. The voltage was increased up to 8 V. Since

the resist mask 304 was left on the top surface, porous

anodic oxide film 306 was formed on the side surfaces of the

island pattern 305 (Fig. 5B).
After removing the resist mask 304, anodization was

carried out within a solution prepared by neutralizing a 3%

aqueous solution of tartaric acid with aqueous ammonia. At

this time, the electrical current was set to 5 — 6 mV. The

voltage was increased up to 100 V. In this way, a dense

anodic oxide film 307 was formed.

The above—described anodic oxidation step defined the

unoxidized island pattern 305 into gate electrodes 308.
Internal connecting lines 207c interconnecting the common

contact portions 206c and 206d were created from the‘

aluminum film described above simultaneously with the gate

electrodes 308.

Then, using the gate electrodes 303 and surrounding‘
anodic oxide film 306, 307 asia mask, the silicon oxide film

303 was etched into a gate insulating film 309. This

etching step relied on dry etching using CF4 gas (Fig. SC).

After the formation of the gate insulating film 309,

the porous anodic oxide film 307 was removed by wet etching

using Al mixed acid.

Thereafter, impurity ions for imparting 'one

conductivity type were implanted by ion implantation or

plasma doping. Where N-type TFTs are placed in the pixel

region, P (phosphorus) ions may be implanted. Where P—type

TFTs are placed, B (boron) ions may be implanted. H
In the present example, the above~described process for

implanting the impurity ions was carried out twice by ion

implantation. The first step was performed under a high
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accelerating voltage of 80 keV. The system was so adjusted J‘
that the peak of the impurity ions was brought under the‘

ends (protruding portions) of the gate insulating film 309.

The second step was effected under a low accelerating

voltage of 5'keV. The accelerating voltage was adjusted so

that the impurity ions were not implanted under the ends

(protruding portions) of the gate insulating film 309.

In this way, a source region 310, a drain region 311,

lightly doped regions 312, 313, and a channel region 314 for

the TFT were formed. The lightly doped region 313 on the

side of the drain region 311 is also referred to as the LDD

region (Fig. 5D).

At this time, it is preferable to implant the impurity

ions to such a dosage that the source and drain regions 310

and 311, respectively, exhibit a sheet resistance of 300 to

500 Q/C]. In addition, it is necessary to optimize the

lightly doped regions 312 and 313 according to the

performance of the TFT. After the impurity ion implantation
step, a thermal treatment was carried-out to activate the

impurity ions. V

Then, a 1 um-thick—silicon oxide film was formed as a

first interlayer dielectric film 315. The thickness of the

interlayer dielectric film 315 was set to 1 pm_to flatten
the surface of the first interlayer dielectric film 315 as

much as possible. This could mitigate the protrusions due

to the gate electrodes 308.

The first interlayer dielectric film 315 may be made of

silicon nitride or silicon oxynitride, as well as silicon

okide. Alternatively, the first interlayer dielectric film

315 may be a multilayer film of these materials.

Contact holes for gaining access to the source and

drain regions 310 and 311, respectively, were created in the
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first interlayer dielectric film 315. ‘Contact holes for_H
allowing access to the internal-conducting lines 207c were‘

formed in the common contact portions 206c and 206d. Then,

a conducting film forming a precursor for source and drain

electrodes 316 and 317, respectively, and for internal
conducting lines 318 was deposited.‘

In this example, the conducting film was created from a

multilayer film of titanium (Ti), aluminum (Al), and

titanium (Ti) by sputtering. Each of the titanium layers

was 100 nm thick, while the aluminum layer was 300 nm thick.

This multilayer film was patterned to form a source

electrode 316, a drain electrode 317, and internal

conducting lines 318 (Fig. SE).

The internal conducting lines 318 shown Fig. 5E

correspond to the internal conducting lines 207a and 207b

shown in Fig. 3. These conducting lines 207a and 207b were
connected with internal conducting lines 207c at the common

Contact portions 206c and 206d. The internal conducting

lines 207c and the gate electrode 308 were created by the

same processing steps.

Subsequently, an organic resinous film was formed as a

second interlayer dielectric film 319 to.a thickness of 1 to

2 pm. Polyimide, polyamide, polyimidamide, acrylic resin,

or other material may be used as the material of the organic

resinous film. The organic resinous material acts to

‘planarize the surface of the second interlayer dielectric
film 319. This is important to make the cell gap uniform.

In the present example, polyimide was deposited as the

second interlayer dielectric film 319 to a thickness of 1

pm. '

Then, contact holes 320 and 321 were formed in the

second interlayer dielectric film 319 to have access to the
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drain electrode 317 and to the internal conducting lines

318, respectively. The contact holes 321 for the internal

conducting lines 318 were formed in the openings 111 shown

in Fig. 2A. That is, rectangular holes measuring 100 um x

100 um were arranged in 5 rows and 5 columns within the

rectangular region 110 measuring 1.1 mm x 1.1 mm. These

holes were spaced 100 pm from each other. Moreover, contact

holes for connecting the internal conducting lines 318 (207a

and 207b) with the common terminals 205a and 205b at the

extractor terminals 205 were formed.

As described later, the size of each hole was set to

100 um x 100 pm to set the diameter of the conducting
spacers to 3.5 um in this example. This provides sufficient

space so that the conductive spacer located at this position

can move. Hence, the conducting spacers are prevented from

being stacked on top of each other.

The area of the left portions of the interlayer

dielectric film 319 in the common Contact portions is large

enough to permit the conducting spacers to move. This

assures that the conducting spacers are arranged in these

regions. Consequently, the conducting spacers positioned in

these regions can maintain the cell gap and make electrical

connections reliably.

A thin metal film which would later be made into pixel

electrodes 322 and a conducting pad 323 were formed to a

thickness of 100 to 400 nm. In the present example, the

thin metal film was made of an aluminum film containing 1 wt

% titanium and deposited to a thickness of 300 nnx by

sputtering. Then, the thin metal film was patterned to form

the pixel electrodes 322 and the conducting pad 323. This

pad 323 measured 1.1 mm x 1.1 mm, was rectangular, and

covered the contact holes 321. The extractor terminals 205
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were also patterned. Thus, the TFT substrate was completed ;
(Fig. 5G).

Referring to Fig. 6, the counter substrate 250

comprised a transparent plate 251 on which the counter
electrode 252 was formed from an ITO film. A glass or

quartz substrate can be used as the substrate 251.

Then, the TFT substrate 200 and the counter substrate

250 were bonded together. This bonding step may be a well-

known cell assembly method.

First, a sealing material was applied to one of the TFT

substrate 200 and the counter substrate 250. In this

example, the sealing material was applied to the counter

substrate 250. A UV~curable and thermosetting resin was

used as the sealing material. This sealing material was

applied around the substrate along straight lines except for

the liquid crystal injection port by a sealant dispenser. A

sealing material to which 3.0 wt % spherical conducting

spacers 401 were added was applied to regions 254a - 254d

shown in Fig. 4. The sealing material to which the

conducting spacers were added functioned as an anisotropic

conducting film.

Generally, the conducting spacers 401 consist of"

resinous spheres coated with a conducting film. In the

present example, the conducting spacers 401 were coated with

gold (Au). The diameter of the conducting spacers 401 may

be larger than the cell gap by about 0.2 to 1 pm. In this

example, the conducting spacers 401 had a diameter of 3.5 pm

‘to set the cell gap to 3 pm. After applying the sealing

material, it was temporarily baked.

Thereafter, spacers 402 were dispersed onto one of the

TFT substrate 200 and the counter substrate 250 to maintain

the cell gap. In this example, the spacers 402 were applied
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to the counter substrate 250. To set the cell gap to 3 pm,

spherical spacers of a polymeric material were used as the

spacers 402.

Then, the TFT substrate 200 and the counter substrate

250 were held opposite to each other, and they were pressed

against each other until the cell gap in the pixel region
was decreased to the diameter of the spacers 402. Under the

pressed state, UV light was directed at this assembly for
more than 10 seconds to cure the sealing material. The cell

gap was fixed. Then, the assembly was heated under
pressure, thus enhancing the adhesive strength. '

Subsequently, a liquid crystal material was injected,

and the entrance hole was sealed off, thus completing the

cell assembly process. _As shown in Fig. 6, the counter

electrode 252 on the counter substrate 250 was electrically

connected with the conducting pad 323 on the TFT substrate

200 by the conducting spacer 401. On the TFT substrate, the

conducting pad 323 connected the internal conducting lines~

318 with the common terminals. This connection structure

permitted the counter electrode 252 on the counter substrate
250 to be connected with an external power supply via the

conducting lines cni the_TFT substrate. . Fig. l is an

enlarged view of the common contact portion of Fig. 6.

In the present example, to set the cell gap to 3 pm,

the spacers 402 applied to the pixel region had a diameter

of 3 pm. The diameter or the conducting spacers 401 was 3.5

um. Setting the diameter of the conducting spacers greater
than the diameter of the spacers 402 (i.e., the cell gap)

made reliable the connection between the counter electrode

252 and the conducting pad 318. When the two plates were

being clamped together to bond them together, the conducting
spacers 401 were crushed because they were larger in
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diameter than the cell gap. This increased the areas of the J

portions in contact with the counter electrode 252 and with‘
the conducting pad 318, respectively. Hence, the electrical

connection was rendered more reliable. Furthermore, the

cell gap could be maintained at the same dimension as in the

pixel region. 1
In this example, the internal conducting lines 318 were

made of the precursor for the source and drain electrodes

316 and 317, respectively. It is only necessary for the
internal conducting lines 318 to be under the pixel

electrodes 322. For instance, where a black ymatrix

consisting of a conducting film of titanium or the like is
formed inside the second interlayer dielectric film 315, the
internal conducting lines 318 can be formed from this

conducting film.

In the present example, it is important to flatten the-

surface of the second interlayer dielectric film 319 on

which the pixel electrodes 322 are formed in order to make

uniform the cell gap. Also, the flatness of the surface of

the.first interlayer dielectric film 315 where the internal

conducting lines 318 are formed is important. _
Methods of obtaining an interlayer dielectric film

having a flat surface include a method of increasing the

thickness of the interlayer dielectric film, a leveling

method using an organic resinous film, a mechanical

polishing method; and etch-back techniques. The present

example made use of the method. of increasing the film
thickness to planarize the first interlayer dielectric film

‘315. Also, the method of relying on leveling using an

organic resinous film was used to _flatten the first
interlayer dielectric film 315. Other methods may also be

employed for the same purpose.
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In a liquid crystal display in accordance with the

present example, a dichroic dye may be dispersed in the‘
liquid crystal layer. Orientation films may be deposited on
the TFT substrate and on the counter substrate. Color

filters may be formed on the counter substrate. The

practitioner may appropriately determine the kind of the
liquid crystal layer, the presence or absence of the
orientation films and the color filters according to the

driving method, the kind of the liquid crystal, and other
factors.

For instance, where the color filters are mounted on

_the counter substrate 250, the color filters are not formed
at the common contact portions and so steps are formed

between the pixel region and the common contact portions on
the counter substrate. To compensate for these steps, it is

necessary to make the diameter of the conducting spacers

‘larger by an amount almost equal to the thickness of the
color filter.

In the present example, the liquid crystal display is

of the reflection type. A transmissive liquid crystal

display may also be fabricated. In this case, the precursor
for the pixel electrode and for the conducting pad may.be

made of a transparent ITO film or the like.
In the example described above, the transistor is a

coplanar TFT that is a typical top—gate TFT. It may also be

a bottom—gate TFT. In addition, thin—film diodes, metal-
insulator—metal (MIM) devices, metal—oxide varistors, and
other devices can be used, as well as the TFTs.

EXAMPLE

The present example is a modification of the common

contact portions of Example 1. Fig. 7 is a fragmentary
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cross—sectional view of an active-matrix display in,

accordance with the present example.- The configuration of a"

TFT substrate shown in Fig. 7 is the same as the

configuration shown in Fig. 6, and some reference numerals

are omitted. Like components are indicated by like

reference numerals in both Figs. 6 and 7. Fig. 9 is an

enlarged View of the common contact portion shown in Fig. 7.
In Example 1 shown in Fig. 6, the counter electrode 252

consists of an ITO film that is a transparent conducting

film. Therefore, the counter electrode 252 and the

conducting spacers 401 are larger in electrical resistance

than metal films. The present example is intended to reduce
this electrical resistance.

Accordingly, the resistance value between the counter

electrode 252 and the conducting spacers 401 can be lowered

by forming a metallization layer on the counter substrate

250 and patterning the metallization layer into conducting

pads, or conducting film, 501 at the common contact portions

254a — 254d. Importantly, the conducting film forming the

conducting pads 501 is lower in electrical resistance than

the conducting film forming the counter electrode 252.

‘Where the black matrix on the counter substrate is

formed from a conducting film as consisting of chromium, the

connecting pads 501 can be formed from this conducting film.

7 When the conducting film is patterned to form the black

matrix, the connecting pad 501 may be created.

§XAM2LE.l ' '

The present example is a modification of Example 2.

Fig. 8 is a fragmentary cross—sectional view of an active-

matrix display in accordance with the present example. The

TFT substrate shown in Fig. 8 is identical in structure with
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that shown in Fig. 6, and some reference numerals are

omitted in Fig. 8. It is noted like components are denoted

by like reference numerals in both Figs. 6 and 8. Fig. 10
is an enlarged View of the common contact portion of Fig. 8.

In Example 1, both counter substrate 251 and counter

electrode 252 are transparent to light and so the

distribution of the conducting spacers 401 on the common

contact portions can be visually observed from the side of

the counter substrate 250 after both substrates have been

bonded together. In Example 2, however, the connecting pad

501 consisting of metallization layer is formed ‘and,

therefore, the distribution of the conducting spacers 401

cannot be visually checked.

The present example is intended to permit ‘one to
visually observe the distribution of the conducting spacers
401 while a connecting pad is proyided to lower the

resistance value. For this purpose, the connecting pad,

601, is provided with openings formed at selected locations.

One can observe the conducting spacers 401 through these

openings.

Fig. 11 is a top plan View of the contact portions

according to the present example, taken from the_side_of the

counter substrate. Fig. 10 is a cross-sectional view of the

common contact portion in a region 600 surrounded by the

broken line. As shown in Fig. 11, the conducting pad 601 is

formed with openings 602. In each opening 602, there exist

only the counter substrate 251 and the counter electrode.

252, ‘both of which have transparency. Hence,- the

distribution of the conducting spacers 401 can be observed

through the openings 602.

To maintain the cell gap, the openings 602 should be

formed opposite to the contact holes 321 formed in the
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second interlayer dielectric film of the TFT substrate. At

these locations, the conducting spacers 401 are not in‘

contact with the counter electrode. The area of each

opening 602 should be slightly larger than the area of each

Contact holes 321 formed in the second interlayer dielectric

film, i.e., about several to thirty percent greater. The

number of the openings 602, their arrangement, and their

shape are not limited to the example of Fig. 11. Rather,

one can arbitrarily set these geometrical factors.

Setting each opening 602 in the connecting pad 601

slightly larger than each contact holes 321 makes it

possible to visually check the conducting pad 602 on the

second interlayer dielectric film 319, which contributes to

electrical connection.

In Examples 2 and 3, the cell gap in the common contact
portions is made uniform. At the same time, the.contact

resistances of the conducting spacers 401 and of the counter

electrode 252 are decreased. If the main purpose is to
lower these resistance values, the common contact portions

on the TFT substrate may have the prior art structure as

.shown in Fig. 13. In this case, any of the connecting pads

501 and 601 described in Examples 2 and 3, respectively, may

be formed between the substrate 23 and the counter electrode

24 at the common contact portions 16 shown in Fig. 13.

In Examples 1 - 3 described above, the present

invention is applied- to active—matrix liquid crystal

displays. The Contact structure in accordance with the

_present invention is applicable to any apparatus having a
contact structure for electrically connecting conductors

formed on one substrate with conducting conductors formed on

the other opposite substrate via conducting spacers. For

example, the novel contact structure can connect ICs built
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on different silicon wafers.

The common contact structure in accordance with the

present invention can eliminate variations of the cell gap

among liquid—crystal cells even if the film thickness varies

among interlayer dielectric films. Also, poor contacts due
to conducting spacers can be reduced.

In particular, in accordance with the present

invention, the_ cell gap depends only on the -size of
conducting spacers. Therefore, where the conducting spacers

are uniform in size, the cell gap ,between opposite
substrates or plates can be made uniform among different

liquid-crystal cells, if the thickness of a dielectric film

electrically insulating the first and second conducting

films is different among different liquid—crysta1 cells.
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EN THE CLAIMS:

' 1. An active matrix display device comprising:

i a first substrate:

a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having at least two openings;

a second conductive film provide on said second interlayer insulating film

and in said openings;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a‘plura1ity of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film infitaid openings;

I wherein at least one of said conductive spacers is held over said second

interlayer insulating film and in contact with both said second conductive film

and said third conductive film.

2. An active matrix display device according to claim 1, wherein each of said

conductive spacers is a sphere coated with gold.

1 3. An active matrix display device according to claim 1, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidamide and acrylic resin.

4. An active matrix isplay device according to claim 1, wherein siad active

matrix display de further comprises a fourth conductive film between said

third conductive and second conductive film.

5. An active matrix display device according to claim 1, wherein said active

matrix display device is a liquid crystal display device.

322»
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6. An active matrix display device comprising:

a first substrate;

a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating fihn;

a second interlayer insulating film provided on said first conductive film,‘

said second interlayer insulating film having at least two openings;

a second conductive film provided on said second interlayer insulating

film and in said openings;

21 second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film in said openings,

wherein said conductive spacers are dispersed into asealing material,

wherein at least one of said conductive spacers is held over said second

interlayer insulating film and in contact with both said second ‘conductive film

and said third conductive film.

7. An active matrix display device according to claim 6, wherein each of said

conductive spacers is a sphere coated with gold.

8. An active matrix display device according to claim 6, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyainide, polyimidamide and acrylic resin.

9. An active matrix displ device according to claim 6, wherein said active

matrix display device er comprises a fourth conductive film between said

third conductive film said second conductive film.

J

10. An active matrix display device according to claim 6, wherein said active

matrix display device is a liquid crystal display device.

ls l 1. An active matrix display device comrpising:

35“
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a first interlayer insulating film provided over said first substrate;

a first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

' said second interlayer insulating film having at least two openings;

a second conductive film provided on said second interlayer insulating

film and in said openings;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and

said second substrate;

wherein said first conductive film is connected with said second

conductive film in said openings;

wherein at least one of said conductive spacers is held over said

second interlayer insulating film and in contact with both said

second conductive film and said third conductive film,

wherein each of said openings occupies an area larger than an

area occupied by each of said conductive spacers .

1 12. An active matrix display device according to claim 1 1, wherein each of said

conductive spacers is.a sphere coated with gold.

' ’; 13. An active matrix display device according to claim 11, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting ofpolyimide, polyamide; polyimidamide and acrylic resin.

14. An active matrix dis lay device according to claim 11, wherein said active

matrix display device er comprises a fourth conductive film between said

third ductive fihn a d said second conductive film.

V . 15. An active matrix display device according to claim 11, wherein said active

matrix display device is a liquid crystal display device.

l. 16. An active matrix display device-comprising:



Exhibit 1002, page 98

a first interlayer insulating film provided over said first substrate:

a first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second

conductive film in said opening,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in contact with both said second

conductive film and conductive film.

17. An active matrix display device according to claim 16, wherein each of said

conductive spacers is a sphere coated with gold.

18. An active matrix display device according to claim 16, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidamide and acrylic resin.

19. An active matrix dis e ice according to claim 16, wherein said active

mprises a fourth conductive film between said

third conductive film and s (1 second conductive film.

20. «An active matrix display device according to claim 16, wherein said active

matrix display device is a liquid crystal display device.

21. An active matrix display device comprising:

a first substrate;
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a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening;

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between said first substrate and said

second substrate;

wherein said first conductive film is connected with said second I

conductive film in said opening,

wherein said conductive spacers are dispersed into a sealing material,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in contact with both said second

conductive film and said third conductive film.

22. An active matrix display device according to claim 21, wherein each of said

conductive spaces is a sphere coated with gold.

23. An active matrix display device according to claim 21, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting of polyimide, polyamide, polyimidamide and acrylic resin.

24. An active matrix display evice according to claim 21, wherein said active

matrix display device fu comprises a fourth conductive film between said

third conductive film and 1d second conductive film.

25. An active matrix display device according to claim 21, wherein said active

matrix display is a liquid crystal display device.

LL 26. An active matrix display device comprising:

a first substrate;
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a first interlayer insulating film provided over said first substrate;

a first conductive film provided on said first interlayer insulating film;

a second interlayer insulating film provided on said first conductive film,

said second interlayer insulating film having an opening with a part of said

second interlayer insulating film remaining in said opening;

a second conductive film provided on said second interlayer insulating

film and in said opening.

a second substrate opposed to said first substrate;

a third conductive film provided on said second substrate; and

a plurality of conductive spacers held between siad first substrate and said

second susbtrate;

wherein said first conductive film is connected with said second

conductive film in said opening,

wherein at least one of said conductive spacers is held over said part of

said second interlayer insulating film and in conatact with both said second

conductive film and said third conductive film,

wherein said opening occupies an area larger than an area occupied by

each of said conductive spacers.

27. An active matrix display device according to claim 26, wherein each of said

conductive spacers is a sphere coated with gold.

28. An active matrix display device according to claim 26, wherein said second

interlayer insulating film comprises an organic resin selected from the group

consisting ofpolyimide, polyamide, polyimidamide and acrylic resin.

29. An active matrix display ice according to claim 26, wherein said active

matrix display device fu comprises a fourth conductive film between said

uctive film a d said second conductive film.

30. An active matrix display device according to claim 26, wherein said active

matrix display device is a liquid crystal display device.

5
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ABSTRACT OF THE DISCLOSURE

There is disclosed a Contact structure for electrically a
connecting conducting lines formed on a first substrate of

an electrooptical device such as a liquid crystal display

with conducting lines formed on a second substrate via

conducting spacers while assuring a uniform cell gap among

different cells if the interlayer dielectric film thickness

is nonuniform across the cell or among different cells. A

first conducting film and a dielectric film are deposited on

the first substrate._ Openings are formed in the dielectric

film. A second conducting film covers the dielectric film
left and the openings. The conducting spacers electrically

connect the second conducting film over the first substrate

with a third conducting film on the second substrate. The

cell gap depends only on the size of the spacers, which

maintain the cell gap.
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PATENT. APPLICATION SERIAL NO.
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PATENT AND TRADEMARK OFFICE
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PATENT APPLICATION FEE DETERMINATION RECORDV
' ‘Effective October 1, 2001

CLAIMS A5 “L59 ' PART I ‘ SMALL ENTITY oTHER THAN
TYPE OR SMALL ENTITY

TOTALCLAIMS ' V
_IT|

I 
ITI ITIE

370.00 OR BASIC FEE 740.00 7
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X84:

+280:

'|'I l'|'I

’-‘ If the difference in column 1 is less than zero, enter “0” in column 2

cLAIMs AS AMENDED - PART II ,OTHEFITHAN‘

CLAIMS 3 ‘I I HIGHEST A _ ADDl_ '. _ - ADDI-
REMAINING ‘. __ :._; NUMBER PRESENT - _ '

AFTER I, * .‘ I pRE\/IOUSLY -
AMENDMENT ‘- ‘ - PAID_I=oR - FEE FEE
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.3)‘

OR X$18=AMENDMEN7"
GR X84_=

—

!.
 
1 A"I-A
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AMENMENT 1,, PAID FOR FEE
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FEE 4
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"E3.5«T»OfmHII
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The “Highest Number Previously Paid For‘ (Total or Independent) is the highest number found in the appropriate box In column 1.

FORM PTO-875 (Rev. 8/01) Patent and Trademark Offioe,jU.S. DEPARTMENT OF EOMMERCE‘flu s GPD:ZOCII uz’-I 24 I 59197
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Application or Docket Number

PATENT APPLICATl0N FEE DETERMINATION RECORD
Effective October 1, 2000
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E
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vcket No.: 0756-2237
, , jaIN THE UNITED STATES PATENT AND TRADEMARK OFFICE

W
In re DIVISIONAL Application of .

Yoshiharu HIRAKATA et al

Based On Serial No. 09/361,218 Art Unit: 2871

Which was filed: July 27, 1999 Examiner: D. Nguyen

For: CONTACT STRUCTURE

PRELIMINARY AMENDMENT

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

Please amend the subject application as follows:

IN THE SPECIFICATION:

Before the first sentence of the secification insert . his application is a
’ Mm: u-$. FAT Na- c».-,\‘r‘I)97$‘

Divisional of Application Serial No. 09/361,218 filed July 27, 1999‘; which itself is a

Divisional of Serial No. 09/046,685 filed March 24, 1998 now U.S Patent

5,982,47l.—-

REMARKS

This application has been amended to include the continuing application data

thereof.
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Docket No.:t(')756—2237

Examination on the merits is requested.

Respectfully submitted,

Eric J. Robinson

Registration No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110
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. . s

h Docket No.: 0756-2237I

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Divisional Application of

Yoshiharu HIRAKA et al

Based On Serial No.2 09/361,218 Art Unit: 2871

Which was filed: July 27, 1999 Examiner: D. Nguyen

For: CONTACT STRUCTURE

INFORMATION DISCLOSURE STATEMENT

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In accordance with the provisions of37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99,

it is requested that the reference listed on the attached Form PTO-1449 be made of

record in the above-identified application.

The references listed on the attached Form PTO-1449 were cited in parent

application Serial Nos. 09/361,218, 09/046,685.

Respectfiilly Submittetd,C.

ggi.

Eric J. Robinson .
Registration No. 38,285

Nixon Peabody LLP
8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

NVAl57l6l.l
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f Patent and Trademark OfficeAddress: COMMISSIONER or PATENTS AND TRADEMARKS

‘raves 0* Washington, o.c. 20231 ‘ 1

APPUCATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY ' OCKET NO.

-..- -~ ~ ""- --.-~' 7 ‘
|:|":'9,«'.7i3::1__ 17‘? 1'.T_-Z/1'3:/01:1 HI F\'{3\}-'3:l7—‘:T{—5s - ' '- 4" "i"-'3

. 1 'or I

_ UNITED STATES AEPARTMENT OF COMMERCE

F MF!‘::2.I’l:‘2..E_'E3
NIXDN PEABUDY, LLP

5,151.3, [311-EENs'5E4|:|F{|:I [:«F<IVE E

51.1175 :E:UEI' __“:;71 V 1 V
iYlL"_.IL_Ee'3.N VA - -'~ ~ T

DATEMAILED:

Please find below} and/or attached an Office communication concerning this application or
proceeding._ ’

Commissioner of Patents and Trademarks

Proboc (Rev. 2195)
--u.s. GPO: zooo-moon/usoz
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\

Application No. Applicantfs)
09/734,177 Hirakata et al.

We W" S""""”y lllllllllllllllllllllllllllllllllllll
J Responsive to communicationisl filed on

L: This action is FINAL.

[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed
' in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213.

A shortened statutory period for response to this action is set to expire 3 monthls), or thirty days, whichever

is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the
application to" become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of
37 CFR'1.136ia).

Disposition of Claims

Xi Claim(s) 7-30 is/are pending in the application.

Of the above. claim(s) is/are withdrawn from consideration.

D Claimisl is/are allowed.

fl Claims) 1-30 is/are rejected.

‘ U Clalmisl . is/are objected to.

U Claims . are subject to restriction or election requirement.

Application Papers

[3 Seep-the attached Notice of Draftsperson's Patent Drawing Review, PTO-948.

Thedrawingis) filed on _ ' is/are objected to by the Examiner.

D The proposed drawing correction, filed on is Capproved Chisapproved.

D The specification is objected to by the Examiner.

D The oath or declaration is objected to by the Examiner.

Priority under 35 u.s.c. § 119

13 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(dl.
X} All ClSome* ClNone of the CERTIFIED copies of the priority documents have been

33 received. ’ A '

iXl received in Application No. (Series Code/Serial Number) 0.9/367,278 .

C] received in this national stage application from the international Bureau (PCT Rule 17.2(a)).

*Certified copies not received: F

D Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachmentisl .

lXi Noticeof References Cited, PTO—892

X information Disclosure Statementisl, PTO-1449, Paper No(s).

B Interview Summary, PTO-413

D Notice of Draftsperson's"Patent Drawing Review, PTO-948

Ci Notice of lniormal Patent Application, PTO-152

$55 OFFICE ACTION ON THE FOLLOWING PAGES

..'J. 5. Patent and Trademark Office

‘ PTO-325 (Rev. 9-95) Office Action Summary Part of Paper No. 4
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Application/Control Number: 09/734,177

Art Unit: 2871

DETAILED ACTION

Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially created doctrine

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible
harassment by multiple assignees. See In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686

F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA
1970);and, In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR l.321© may be used to

overcome an actual or provisional rejection based on a nonstatutory double patenting ground
provided the conflicting application or patent is shown to be commonly owned with this
application. See 37 CFR l.l30(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37
CFR 3.73(b).

2, Claims 1-30 are rejected under the judicially created doctrine of obviousness-type double

patenting as being unpatentable over claims 12-22 of U.S. Patent No. 5,982,471. Although the

conflicting claims are not identical, they are not patentably distinct from each other because both

the application and the patent disclose the same liquid crystal display contact structure.

5 3. Claims 1-30 are rejected under the judicially created doctrine of obviousness-type double

patenting as being unpatentable over claims 51-60 of U.S. Patent No. 6,177,974. Although the

conflicting claims are not identical, they are not patentably distinct from each other because both

the application and the patent disclose the same liquid crystal display contact" structure.
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Conclusion

4. The prior art made of record and not relied upon is considered pertinent to applicant's

I disclosure.

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Examiner Dung Nguyen whosetelephone number is (703) 305-0423.

W /é/£24 /. L/e
02/24/2000 William L. Sikes

Supervisory Patent Examiner
Group 28 71
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« -, Docket No. 0756-2237

In re Patent Application of Art Unit: 2871

Yoshiharu HIRAKATA et al. Examiner: D. Nguyen

Serial No. 09/734,177

Filed: December 12, 2000 ~.
- I hereby certify that this correspondence is being deposited with

For: CONTACT STRUCTURE ited States Postal Service with sufficient postage as First

CERTIFICATE OF MAILING .

RESPONSE

Honorable Commissioner of Patents

Washington, D.C. 20231

Sir:

The Official Action mailed February 28, 2001 has been received and its contents

carefully noted. Claims 1-30 are pending in the present application.

With respect to the obviousness—type double patenting rejection as being unpatentable

over U.S. Patents 5,982,471 and 6,177,974, Applicant is preparing and will file a Terminal

Disclaimer in order to overcome this rejection. Applicant’s undersigned attorney will forward

the Terminal Disclaimer to the Examiner’s attention upon receipt from Japan.

Should the Examiner believe that anything further would be desirable to place this

application in better condition for allowance, the Examiner is invited to contact Applicant’s

undersigned attorney at the telephone number listed below.

Respectfiilly submitted,

Eric J. Robinson

Reg. No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

NI83399.I
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Application No. Applicantlsl

. _ 09/734,177 Hirakata et al.
Office Action Summary Examine, An Unit

IllllllllllIllllllllllllllllllllllllll
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHIS) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will

be considered timely.
- If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this

communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
Status

MIX Responsive to communicationls) filed on May 31, 2007 .

2a)l: This action is FINAL. 2b)l)_(l This action is non-final.

3) I: Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Ouayle, 1935 C.D. 11; 453 0.G. 213.

Disposition of Claims

4)lE Claimlsl 7-30 is/are pending in the application.

4a) Of the above, claimls) is/are withdrawn from consideration.

5ll: Claimls) is/are allowed.

6)IX Claimls) 7-30 is/are rejected.

7)C Claimls) is/are objected to.

8) I: Claims are subject to restriction and/or election requirement.

Application Papers

(-3): The specification is objected to by the Examiner.

10)I:l The drawingls) filed on is/are objected to by the Examiner.

11)I:l The proposed drawing correction filed on is: a)I:l approved b)El disapproved.

12)l:l The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119

13)l:l Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).

a)D All b)[:l Some* c)D None of:

1. D Certified copies of the priority documents have been received.

2. l:l Certified copies of the priority documents have been received in Application No.

3. D Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2IaII.

‘See the attached detailed Office action for a list of the certified copies not received.

14)l:I Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachmentlsl

15) E Notice of References Cited (PTO-882) 18) El Interview Summary (PTO-413) Paper No(s).
16) D Notice of Draftsparsorfs Patent Drawing Review (PTO-948) 19) El Notice of Informal Patent Application (PTO-152)

17) C] Infomlation Disclosure Statementlsj (FTO4449) Paper Nels). 20) D Other:

U. S. Patent and Trademark Oifice

PTO-326 (Rev. 9-00) Office Action Summary Part of Paper No. 6
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Applicant’s response dated 05/31/2001 has been received and entered.

The text of those sections of Title 35, U.S. Code not included in this action can be found

in a prior Office action.

In view of the newly discovered, rejections based on the newly cited reference follow:

Specification

1. The lengthy specification has not been checked to the extent necessary to determine the

presence of all possible minor errors. Applicant's cooperation is requested in correcting any

errors of which applicant may become aware in the specification.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the applicant regards as his invention.

3. Claims 4,9,14,19,24 and 29 are rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Regarding the above claims, it is confusing and unclear how a fourth conductive film can

be formed between a third conductive film and a second conductive film. According to the

specification and drawings, the fourth conductive film (i.e., a black matrix) is formed on a

second substrate and the third conductive film (i.e., the common electrode) is formed over the
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fourth conductive film. Therefore, it is assumed for the purpose of the examination the fourth

conductive film forming between the third conductive film and the second substrate.

Claim Rejections - 35 USC § 102

4. q'l‘he following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless --

(e) the invention was described in a patent granted on an application for patent by another filed in the United
States before the invention thereof by the applicant for patent, or on an international application by another who
has fulfilled the requirements of paragraphs (1), (2), and (4) of section 37l© of this title before the invention
thereof by the applicant for patent.

Claims 1, 4-6, 9-11, 14-16, 19-21, 24-26 and 29-30 are rejected under 35 U.S.C. 102(e)

as being anticipated by Lee et al., US Patent No. 6,219,124.

The above claims are anticipate by Lee et al. figure 1 which discloses a liquid crystal

display device comprising:

- a first substrate (1);

° a first interlayer insulating film (3);

- a first conductive film (5);

- a second interlayer insulating film (7) having at least two openings (A and B), wherein the first

conductive film is connected with the second conductive film in the openings;

- a second conductive film (9);

- a second substrate (19);
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- a third conductive film (17);

- a fourth conductive film (13) forming between the third conductive film and the second

substrate;

- a plurality of conductive spacers (11), wherein the conductive spacers contacted with both the

second conductive film and the third conductive film.

It should be noted that of the filling date of the US Patent No. 6,219,124 (04/10/1997) is

after the foreign priority date of the instant application. If Applicants wish to overcome such

prior art, then sworn translation of the foreign priority documents will need to filed with the

response to this Office Action.

Claim Rejections - 35 USC § 103

6. The following is a quotation of 35 U.S.C. 103(a) which fonns the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

7. Claims 2-3, 7-8, 12-13, 17-18, 22-23 and 27-28 are rejected under 35 U.S.C. 103(a) as

being unpatentable over Lee et al., US Patent No. 6,219,124.

Regarding claims 2, 7, 12, 17, 22 and 27, Lee et al. disclose the claimed invention as

described above except for the gold based material for spacers. It would have been obvious to

one having ordinary skill in the art at the time the invention was made to use a gold based
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material as a conductive material for a conductive spacer, since it has been held to be within the

general skill of a worker in the art to select a known material on the basis of its suitability for the

intended use as a matter of obvious design choice. In re Leshin, 125 USPQ 416.

Regarding claims 3, 8, 13, 18, 23 and 28, Lee et al. disclose the claimed invention as

described above except for the second interlayer insulating comprising an organic resin selected

from the group consisting of polyimide, polyamide, polyimidamide and acrylic resin. It would

have been obvious to one having ordinary skill in the art at the time the invention was made to

use an organic material (e.g., acrylic resin, polyimide, polyamide) for an interlayer insulating

film, since it has been held to be within the general skill of a worker in the art to select a known

material on the basis of its suitability for the intended use as a matter of obvious design choice.

In re Leshin, 125 USPQ 416.

Double Patenting

8. Claims 1-30 stand rejected under the judicially created doctrine of obviousness-type

double patenting as being unpatentable over claims 12-22 of U.S. Patent No. 5,982,471 , as

stated in the previous office action.

9. Claims 1-30 stand rejected under the judicially created doctrine of obviousness-type

double patenting as being unpatentable over claims 51-60 of U.S. Patent No. 6,177,974 , as

stated in the previous office action.
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Applicants’ response to the double patenting rejection (response dated 05/31/2001) is

acknowledged.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Examiner Dung Nguyen whose telephone number is (703) 305-0423. The

fax phone number for this Group is (703) 308-7722.

Any information of a general nature or relating to the status of this application should be

directed to the group receptionist whose telephone number is (703) 308-0956.

W //2/4.“ x M
07/02/2001 William L. Sikes

Supervisoty Patent Examiner

Group 2871
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Docket No. 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of

Yoshiharu HIRAKATA et al. o‘7E J°”» Art Unit: 2371 E5
Serial No. 09/734,177 4 Examiner: D. Nguyen I 7
Filed: December 12, 2000

For: CONTACT STRUCTU

AMENDMENT

Honorable Commissioner of Patents

Washington, D.C. 20231

In response to the Office Action dated July 5, 2001 please consider the following

endments and remarks in connection with the above-identified application.

C IMS'

Please amend claims 4, 9, 14, 19, 24 and 29 as follows:

’-' 4. (Amended) An active matrix display device according to claim 1, wherein said

% i active matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.

' 9. (Amended) An active matrix display device according to claim 6, wherein said

}'active matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.

4 14. (Amended) An active matrix display device according to claim 11, wherein said

3 active matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.

7L '* 19. (Amended) An active matrix display device according to claim 16, wherein saida
ctive matrix display device fiirther comprises a fourth conductive film between said third

@ conductive film and said second substrate.

NVAl99485.1 \ 9‘
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7 I124. (Amended) An active matrix display device according to claim 21, wherein said

active matrix display device further comprises a fourth conductive film between said third

/ conductive film and said second substrate.
U, 29. (Amended) An active matrix display device according to claim 26, wherein said

'/ @ (0 active matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.

At the outset, the Examiner is thanked for the review and consideration of the present

application.

The Official Action mailed July 5, 2001 has been received and its contents carefully

noted. Claims 1-30 are pending in the present application, of which claims 1, 6, 11, 16, 21, and

26 are independent.

Referring now to the Office Action, claims 4, 9, 14, 19, 24, and 29 are rejected under 35

U.S.C. § 112, second paragraph, as allegedly indefinite for failing to particularly point out and

distinctly claim the subject matter which Applicants regard as the invention. More particularly,

the Office is unclear how a fourth conductive film can be formed between a third conductive film

and a second conductive film. In response, Applicants have amended claims 4, 9, 14, 19, 24, and

29, as shown above, to recite that the fourth conductive film is formed between the third

conductive film and the second substrate.

Claims 1, 4-6, 9-11, 14-16, 19-21, 24-26, and 29-30 are rejected under 35 U.S.C. § 102(e)

as allegedly anticipated by Lee et al. (U.S. Patent No. 6,219,124). In response, Applicants are in

the process of preparing a verified full English translation of priority document of JP 9-094606

having a priority date of March 27, 1997, which predates the issue date of April 17, 2001 of Lee

et al. As soon as the verified English translation is available, Applicants will forward the same

to the Office.

NVAl99435.l
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Claims 1-30 stand rejected under the judicially created doctrine of obviousness-type

double patenting as being unpatentable over claims 12-22 of U.S. Patent No. 5,982,471 and

claims 51-60 of U.S. Patent No. 6,177,974. In response, Applicants are submitting herewith a

tenninal disclaimer.

In view of the submission of the amendments, the terminal disclaimer, and the the

pending submission of the verified English translation, as stated above, Applicants respectfully

request reconsideration and withdrawal of the § 112, second paragraph, rejection, the § l02(e)

rejection, and the double patenting rejections.

Should the Examiner believe that anything further would be desirable to place this

application in better condition for allowance, the Examiner is invited to contact Applicant’s

undersigned attorney at the telephone number listed below.

Respectfully submitted,

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

NVAI99-185.1



Exhibit 1002, page 132

VERSION WITH MARKINGS TO SHOW CHANGES MADE

Please amend claims 4, 9, 14, 19, 24 and 29 as follows:

- 4 - Docket No. 0756-2237

4. (Amended) An active matrix display device according to claim 1, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

9. (Amended) An active matrix display device according to claim 6, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

14. (Amended) An active matrix display device according to claim 11, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

19. (Amended) An active matrix display device according to claim 16, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

24. (Amended) An active matrix display device according to claim 21, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

29. (Amended) An active matrix display device according to claim 26, wherein said

active matrix display device further comprises a fourth conductive film between said third

conductive film and said second [conductive film] substrate.

NVA l99485.l
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_ [Name of Document] Specification

[Title of the Invention]

CONTACT STRUCTURE

[Scope of Claim]

[Claim 1]

A contact structure of an electro-optical device comprising:

a first conducting film formed over a first substrate;

a dielectric film covering at least a portion of said first conducting film;

a opening portion formed in the‘ dielectric film to expose parts of the first

conducting film by selectively leaving the dielectric film;

a second conducting film covering said dielectric film and said opening

portion,

a third conducting film formed over said secondsubstrate;

and a plurality of conducting spacers held between said first and second substrates and

maintaining a gap between said first and second substrate;

wherein said opening portion,

said second conducting film, said conducting spacers and third conducting film

are connected in turn on said second dielectric film, wherein said conducting spacers

maintain a gap between said first and second substrates.

[Claim 2]

The contact structure of claim 1 wherein each of said openings occupies an

area larger than an area occupied by each of said conducting spacers.

[Claim 3]

The contact structure of claim 1 or 2 wherein said dielectric film has a surface

larger than an area occupied by each of said conducting spacers.

[Claim 4]

A contact structure of an electro-optical device comprising:

a first conducting film formed over a first substrate;

a first dielectric film covering at least a portion of said first conducting film;

having an opening portion to expose a portion of said first conducting film;

a opening portion formed in the dielectric film to expose parts of the first
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conducting film by selectively leaving the dielectric film;

‘ a second conducting film covering said opening portion;

a third conducting film formed over a second substrate;

and a plurality of conducting spacers" held between said first and second

substrates and maintaining a gap between first and second substrates;

wherein said opening portion, said first conducting film and said second

[conducting film are connected;

and wherein said insulator on the said opening portion, said conducting spacers

and said third conducting film are connected in turn on said second dielectric film,

wherein said conducting spacers maintain a gap between said first and second

substrates.

[Claim 5]

The contact structure of claim 4 wherein said dielectric film and said insulator

are substantially identical in thickness.

[Claim 6]

The contact structure of -claim 4 or 5 wherein each of said parts of said opening

portion has an area larger than an area occupied by each of said conducting spacers.

[Claim 7]

The contact structure of claim 4 or 6 wherein said insulator has a surface larger

than an area occupied by each of said conducting spacers.

[Claim 8]‘

The Contact structure of claim 1 or 7 further comprising a fourth conducting

film placed between said second substrate and said third conducting film and being in

contact with said third conducting film.

[Claim 9]

The contact structure of claim 8 wherein said second substrate and said third

conducting film are transparent to light, and wherein said fourth conducting film has at

least one opening.

[Claim 10]

A contact structure of an electro-optical device comprising:

a second substrate opposite to said first substrate;
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a pixel electrode formed over said first substrate;

a counter electrode formed over said second substrate;

a first conducting film formed over said first substrate and under said pixel

electrode;

a interlayer dielectric film covering at least a portion of said first conducting

film and having at least one opening portion formed in the dielectric film to expose

parts of said first conducting film by selectively leaving the dielectric film;

a third conducting film covering said interlayer dielectric film and said opening

portion, said third conducting film and said pixel electrode comprising same material;

a plurality of conducting spacers held between said first and second substrates

and maintaining a gap between said first and second substrates;

and wherein said first and second conducting films are contacted at said

opening portion, wherein said dielectric film, said conducting spacers and said third

conducting film are connected in turn on said second conducting film, wherein said

conducting spacers maintain a gap between said first and second substrates.

[Claim 11]

The contact structure of claim 10 wherein said opening portion occupies an

area larger than an area occupied by each of said conducting spacers.

[Claim 12]

The contact structure of claim 10 or 11 said interlayer dielectric film a surface

larger than an area occupied by each of said conducting spacers.

[Claim 13]

A contact structure of an electro~optical device comprising:

a second substrate opposite to said first substrate;

a pixel electrode formed on said first substrate;

a counter electrode formed over said second substrate;

a first conducting film formed over said first substrate and under said pixel

electrode;

a interlayer dielectric film covering at least a portion of said first conducting

film and having an opening portion to expose a portion of said first conducting film,

and said opening portion formed in the dielectric film to expose parts of the
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first conducting film by selectively ‘leaving the dielectric film;

a second conducting film covering said first and second dielectric film and said

opening portion, said second conducting films and said pixel electrode comprising same

material;

a plurality of conducting spacers held between said first and second substrates

and maintaining a gap between said first and second substrates;

wherein said first and second conducting films are contacted at said parts of

said opening portion,

"and wherein said insulator, said conducting spacers and said third conducting A

film are contacted at said parts of said second dielectric film, wherein said second

conducting film, said conducting spacers and said counter electrode are connected in

turn on said second dielectric film, wherein said conducting spacers maintain a gap

between said first and second substrates.

[Claim 14]

The contact structure of claim 13 wherein said interlayer dielectric film and

said insulator are substantially identical in thickness.

[Claim 15]

The contact structure of claim 13 or- 14 wherein each of said parts of said

opening portion has an area larger than an area occupied by each of said conducting

spacers.

[Claim 16]

The Contact structure of claim 13 or 15 wherein said insulator has a surface

larger than an area occupied bypeach of said conducting spacers.

[Claim 17] A

The contact structure of claim 13 or 16 further comprising a forth conducting

film placed between said second substrate and said third conduction film and being in

contact with said third conducting film.

[Claim 18]

The contact structure of claim 17 further comprising a black matrix, wherein

said third conducting film and said black matrix comprise same material.

[Claim 19]
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The contact structure of claim 17 or 18 wherein said second substrate and said

third conducting film are transparent to light, and wherein said forth conducting film

has at least, one opening.

[Claim 20]

A contact structure of an electro—optical device comprising:

a first conducting film formed over a first substrate;

a dielectric film covering at least a portion of said first conducting film and

having at least one opening portion to expose parts of said first conducting film;

a second conducting fihn covering said opening portion;

a third conducting film formed over a second substrate;

a fourth conducting film formed between said second substrate and said third

conducting film and being in contact with said third conducting film;

and a plurality of conducting spacers held between said first and second

substrates, wherein said conducting spacers maintain a gap between said first and

second substrates;

wherein said opening portion, said second conducting film, said conducting

spacers, said third conducting film and said forth conducting film are connected in turn

on the first conducting film.

[Detailed Description of the Invention]

[0001]

[Technical Field to which the Invention pertains]

The present invention relates to a contact structure for electrically connecting '

together conducting lines formed on two opposite substrates, respectively, via

conducting spacers and, more particularly, to a contact structure used in common

contacts of an electro—optic device such as a liquid crystal display.

[0002]

[Prior Art]

In recent years, liquid crystal displays have been extensively used in the

display portions of mobile intelligent terminals such as mobile computers and portable

telephones including PHS (personal handyphone system). Also, active-matrix liquid

crystal displays using TFTS as switching elements are well known.
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[0003]

A liquid crystal display comprises two substrates and a liquid crystal material

sealed between them. Electrodes are formed on these two substrates to set up electric

fields. A desired image or pattern is displayed by controlling the‘ magnitudes of these

electric fields. In the active—matrix liquid crystal display, TFTS (thin—filrn transistors)

are formed on one substrate to control the supply of voltage to each pixel electrode.

Therefore, this substrate is referred to as the TFT substrate. A counter electrode placed

opposite to the pixel electrodes is formed on the other substrate and so it is referred to as
the counter substrate.

[0004]

In the active matrix display, an electric field is producedwbetween each pixel

electrode on the TFT substrate and the counter electrode on the counter substrate, thus

providing a display. The potential at each pixel electrode on the TFI‘ substrate is

controlled by the TFI‘ and thus is varied. On the other hand, the counter electrode on

the counter substrate is clamped at a common potential. For this purpose, the counter

electrode is connected with an extractor terminal via a common Contact formed on the

TFT substrate. This extractor terminal is connected with an external power supply.

This connection structure clamps the counter electrode at the common potential.

[0005]

The structure of the common contact of the prior art active—matrix liquid crystal

display is next described briefly by referring to FIGS. 12-14.

[0006] '

FIG. 12 is a top plan view of a TF1‘ substrate 10. This TFT substrate

comprises a substrate 11 having a pixel region 12, a scanning line driver circuit 13, and

a signal line driver circuit 14. In the pixel region 12, pixel electrodes and TFl’s

connected with the pixel electrodes are arranged in rows and columns. The scanning

line driver circuit 13 controls the timing at which each TFT is turned on and off. The

signal line driver circuit 14 supplies image data to the pixel electrodes. Furthermore,

there are extractor terminals 15 to supply electric power and control signals from the

outside. The substrate 11 makes connection with the counter electrode at common

contact portions 16a-16d.
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[0007]

FIG. 13 is a cross-sectional -view of the pixel region 11 and a common Contact

{portion 15. A TF1‘ 17 and many other TFTS (not shown) are fabricated in the pixel

region 12 on the substrate 10. An interlayer dielectric film 18 is deposited on the TFT

17. A pixel electrode 19 connected with the drain electrode of the TFT 17 is formed

on the interlayer dielectric film 18.

[0008]

A precursor for the source and drain electrodes of the TF1" 17 is patterned into

internal conducting lines 21 at the common contact portion 16. The interlayer dielectric

film 18 is provided with a rectangular opening. A conducting pad 22 is formed in this

opening and connected with the internal conducting lines 21. The pixel electrode 19

and the conducting pad 22 are patterned from the same starting film.

[0009]

FIG. 14 is a top plan view of the known common contact portion 16. A

region located inside the conducting pad 22 and indicated by the broken line

corresponds to the opening formed in the interlayer dielectric film 18.

[0010]

As shown in FIG. 13, a counter electrode 24 consisting of a transparent

conducting film is formed on the surface of a counter substrate 23. This counter

electrode 24 is opposite to the pixel electrodes 19 in the pixel region 12 and to the

conducting pad 22 at the common contact portion 16.

[0011]

Spherical insulating spacers 25 are located in the pixel region 12 to maintain

the spacing between the substrates 11 and 23. A spherical conducting spacer 26 is

positioned at the common contact portion 16 and electrically connects the counter

electrode 24 with the conducting pad 22. The pad 22 is electrically connected with the

internal conducting lines 21, which in turn are electrically connected with an extractor
terminal 14. This connection structure connects the counter electrode 24 on the

counter substrate 23 with the extractor terminal 14 on the substrate 10.

[0012] '

[Problem to be Solved by the Invention]
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In the prior art liquid crystal display, the interlayer dielectric -film 18 l is

provided with the opening at the common contact portion 16, as shown in FIG. 13. _

Therefore, the cell gap Gc in the common contact portion is almost equal to the sum of

the cell gap Gp in the pixel region + the film thickness t of the interlayer dielectric film
18.

A [0013]

The cell gap Gp (also known as the cell spacing) in the pixel region 12 is

determined by the insulating _spacers 25. It is common practice to use standardized

spacers as the insulating spacers‘ 25 and so if the spacers 25 have a uniform diameter,

the cell gap Gp in the pixel region 12 is substantially uniform among liquid-crystal cells.

However, it is difficult to avoid nonuniforrnity of the cell gap Go in the common contact

portion among liquid-crystal cells.

[0014]

The cell gap Gc in the common contact portion is constant since the cell gap

Gp is constant because of the relation described above. Therefore, the cell gap Gc in the

commoncontact portion depends only on the film thickness t of the interlayer dielectric

film 18. Consequently, to make the cell gap Gc uniform among liquid-crystal cells, it

is necessary that the-film thickness t of this interlayer dielectric film 18 be uniform

among cells. However, this is impossible to circumvent.

[0015]

Normally, the common contact portions of theliquid crystal display are 2 to 4
in number. The ‘film thickness t of the interlayer dielectric film 18 may differ from

location to location on the same substrate. In this case, the film thickness t may differ

among different common contacts even on the same substrate.

[0016]

Because of the aforementioned nonuniformity of the thickness t of the

interlayer dielectric film 18, the cell gap Go in the common contact portion differs

among different cells or different common contacts. Furthermore, the nonuniforrnity of

the cell gap Gc results in the cell gap Gp in the pixel region to be nonuniform.

[0017]

The cell gap Gp in the pixel region is affected more by the nonuniformity» of
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the cell gap Go in the common contact portion as the area of the pixel region 12

becomes narrower than the area of the common contact portion. Especially, in the case

of a projection display as used in a projector, the problem of above-described

nonuniformity of the-cell gap Gp in the pixel region becomes conspicuous, because it is

a quite accurate small—sized display of about 1 to 2 inches.

[0018]

A standardized spacer is also used as the conducting spacer 26. The diameter

of this conducting spacer 26 is determined by the diameter of the insulating spacers 25

in the pixel region 12 and by the design thickness of the interlayer dielectric film 18.

Where the thickness of the interlayer dielectric film 18 is much larger than the designed

value, the cell gap Go in the common contact portion becomes very large. This makes

it impossible to connect the counter electrode with the conducting pad well by the

conducting spacer 26. In consequence, the counter electrode cannot be clamped at the

common potential. As a result, a display cannot be provided.

[0019]

It is an object of the present invention to provide a contact structure which is

free of the foregoing problems, provides less nonuniform cell gap among different cells

if the thickness of the interlayer dielectric film is nonuniform across the cell or among

different cells, and reduces poor electrical contacts which would normally be caused by

conducting spacers.

[0020]

[Means for Solving the Problem]

This object is achieved in accordance with the teachings of the invention by a

contact structure for connecting a conducting film formed on a first substrate with a

conducting film formed on a second substrate opposite to the first substrate, the contact

structure comprising: a cell gap defined between the first and second substrates; a first

conducting film formed on the first substrate; a dielectric film covering the first

conducting film; openings formed in the dielectric film to expose parts of the first

conducting film by selectively leaving the dielectric film; a second conducting film

covering the dielectric film left and the openings; a third conducting film formed on the
second substrate; and conducting spacers held between the first and second substrates
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and connecting the second and third conducting films. The second conducting film is

connected with the first conducting film through the openings. The second conducting

film, the conducting spacers, and the third conducting film are connected in turn on the

dielectric fihn left. The conducting spacers maintain the cell gap between.the first and
second substrates.

[0021]

One embodiment of the invention resides in a contact structure for connecting a

conducting film formed on a first substrate with a conducting film formed on a second

substrate opposite to the first substrate, the contact structure comprising: a cell gap

defined between the first and second substrates; a first conducting film formed on the

first substrate; a dielectric film covering the first conducting film; openings formed in

the dielectric film to expose parts of thefirst conducting film; an insulator deposited on

only portions of the first conducting film exposed through the openings; a second

conducting film covering the openings; at third conducting film formed on the second

substrate; and conducting spacers held between the first and second substrates and .

connecting the second and third conducting films. The second conducting film is

connected with the first conducting film through the openings extending through the

insulator. The second conducting film, the conducting spacers, and the third

conducting fihn are connected in turn through the openings extending through the

insulator. The conducting spacers maintain the cell gap between the first and second

substrates.

[0022]

Another embodiment of the invention resides in a contact structure for

connecting a conducting film formed on a. first substrate of an electro-optical device

with a counter electrode formed on a second substrate opposite to the first substrate,

which has pixel electrodes formed thereover, the contact structure comprising: a cell gap

defined between the first and second substrates; a first conducting film formed on the

first substrate and under the pixel electrodes; an interlayer dielectric film covering the

first conducting film; openings formed in the interlayer dielectric film to expose parts of

the first conducting film by selectively leaving the interlayer dielectric film; a second

conducting film defining the counter electrode formed on the second substrate; a third
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conducting film covering the interlayer dielectric film left and the openings; and

conducting spacers held between the first and second substrates and connecting the

second and third conducting films. The second conducting film is connected with the

first conducting film through the openings. . The third ‘conducting film and the pixel

electrodes are formed from a common starting film. The second conducting film,‘ the

conducting spacers, andthe third conducting film are connected in turn on the dielectric

film left. The conducting spacers maintain the spacing between the first and second

substrates.

[0023]

A further embodiment of the invention resides in a contact structure for

connecting a first conducting film formed over a first substrate of an electro-optical

device with a counter electrode formed on a second substrate opposite to the first

substrate, which has pixel electrodes formed thereon, the contact structure comprising: a

cell gap defined between the first and second substrates; a first conducting film formed

on the first substrate and under the pixel electrodes; an interlayer dielectric film

covering the first conducting film; openings formed in the interlayer dielectric film to

expose parts of the first conducting film; an insulator formed on selected portions of the

surface of the first conducting film extending through the openings; a second

conducting film covering the openings; a third conducting film defining the counter

electrode formed on the second substrate; conducting spacers held between the first and

second substrates and connecting the second and third conducting films. The pixel

electrodes and the second conducting film are fonned from a common starting film.

The second conducting film is connected with the first conducting film through the

openings extending through the insulator. The second conducting film, the conducting

spacers, and the third conducting film are connected in turn on the insulator formed in

the openings. The conducting spacers maintain the cell gap between the first and
second substrates.

[0024]

A still other embodiment of the invention resides in a contact structure for

connecting a conducting film formed on a first substrate with a conducting film formed

on a second substrate opposite to the first substrate, the contact structure comprising: a
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cell gap defined between the first and second substrates; a first conducting film formed

on the first substrate; a dielectric film covering the first conducting film; openings

formed in the dielectric film and exposing parts of the first conducting film; a second

conducting film covering the openings; a third conducting film formed over the second

substrate; a fourth conducting film formed between the second substrate and the third

conducting film and in contact with the third conducting film; and conducting spacers

held between the first and second substrates. The first conducting film, the second

conducting film, the conducting spacers, the third conducting film, and the fourth

conducting films are connected in turn through the openings. The spacers maintain the

cell gap between the first and second substrates.

[0025]

[Embodiment Modes of the Invention]

The present embodiment of this invention is described by referring to FIGS. 1,

2A and 2B.»

[0026]

‘ [Embodiments of the Invention]

[Embodiment 1]

I FIG. 1 is a fragmentary cross-sectional view of a common contact. portion of a

liquid crystal display in accordance with the present embodiment. FIGS. 2 are top plan

Views of the TFT substrate of the liquid crystal display. The structure of a region 120

shown in FIG. 2 is depicted in the enlarged cross section of FIG. 1.

[0027]

As shown in FIG. 13, in the prior art structure, the spacers in the pixel region

12 are located over the interlayer insulating film 18 via the pixel electrode 19.

However, the interlayer dielectric film 18 does not exist under the conducting pad 22 at

the common contact portion 16. Hence, the cell gap Gc in the common contact portion

depends on the thickness of the interlayer dielectric film 18.‘

[0028]

Accordingly, in the present embodiment, an insulator, or a dielectric, is inserted

under the conducting pad in the common contact portion. Conducting spacers are placed

on top of the dielectric, so that the cell gap Gc in the contact portion does not depend on
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the thickness of the interlayer dielectric film 18. In the present embodiment, openings

are formed, selectively leaving the interlayer dielectric film 18.

[0029]

In the present embodiment, as shown in FIG. 1, a first conducting film 103 is

formed on a first substrate 101. A dielectric film 104 is deposited on the first conducting

film 103. The dielectric film 104 is selectively left to form openings 111 that expose

parts of the first conducting film 103. A second conducting film 105 is formed so as to

cover the left parts of the dielectric film, 104a, and the openings 111.

[0030]

A thirdiconducting film 106 is formed on the second substrate 102. Conducting

spacers 107 are sandwiched between the first substrate 101 and the second substrate

102.

[0031]

In the prior art opening 110 shown in FIG. 2A, the dielectric film 104 has been

fully removed. In the present embodiment, the dielectric film 104 is selectively left to

form the dielectric film portions 104a and the openings 111. The openings .111 expose

parts of the first conducting film 103. The first conducting film 103 is connected with

the second conducting film 105 at these openings 111.

[0032]

On the first substrate 101, the left dielectric film 104a is closest to the second

substrate 102; therefore, on the left dielectric film 104a, the second conducting film 105

formed on the first substrate electrically connects with the third conducting film 106

formed on the second conducting film 102 through the conducting spacer 107, as shown
in FIG. 1.

[0033]

In region 110, the left dielectric film 104a is closest to the second substrate; I

therefore, the conducting spacers 107 electrically connecting the second conducting film

105'with the third conducting film 106 maintainthe gap G between the substrates.

Consequently, this gap G is dependent only on the size of the conducting spacers 107.

Therefore, where the conducting spacers 107 are uniform among liquid—crystal cells, the

gap G can be made uniform among cells, even if the thickness t of the dielectric film
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104 differs among cells.

[0034]

‘ In the present embodiment, it is desired that the area of each opening 111 be

sufficiently larger than the area occupied by‘ each conducting spacer and offer space so

that the conducting spacers can move freely, because the spacers 107 existing in the

openings 111 do not contribute toward maintaining the gap. Otherwise, plural

conducting spacers 107 would be stacked on top of each other, making it impossible to

maintain the cell gap G uniform across the cell.

[0035]

Also in the present embodiment, it is desirable that the area of the surface of

each left dielectric film portion 104a be sufficiently larger than the area occupied by

each conducting spacer 107, assuring arrangement of the conducting spacers 107. If

the spacers 107 are not positioned over the dielectric film 104a with certainty, it will not

be possible to make electrical connections between the first and second substrates.

Furthermore, the gap will not be maintained.

[0036]

The openings 111 are formed as shown in FIG. 2A in the present embodiment.

The relation between the left dielectric film 104a and each opening 111 may be reversed

as shown in FIG. 2B. It is that noted FIG.‘ liis an enlarged view of the region 120

indicated by the broken line in FIG. 2B.

[0037]

[Embodiment 2]

The present embodiment is described by referring to FIGS. 1 and 2A. FIG. 1 is

a cross-sectional view of a common contact portion of the liquid crystal display in

accordancewith the present embodiment. FIG. 2A is a top plan view of the TFT

substrate of the liquid crystal display. FIG. 1 is an enlarged cross-sectional view of the

region 120 indicated by the broken line in FIG. 2A.

[0038]

A dielectric is inserted under a conducting pad in the common contact portion,

in the samemanner as in Embodiment 1. Conducting spacers are [positioned on the

dielectric. Thus, the cell gap Gc in the common contact portion does not depend on
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the thickness of the interlayer dielectric film 18'. The present embodiment is

characterized in that the dielectric film 18 is selectively left to form openings.

[0039]

In particular, in the present embodiment, the dielectric layer is formed

underneath the conducting pad 22. The conducting spacers are positioned on the

dielectric. Consequently, the cell gap Gc in the common Contact portion is not

dependent on the thickness of the interlayer dielectric film 18.

[0040]

Referring to FIG. 1, a first conducting film 103 is formed on top of a first

substrate 101. A dielectric film 104 covers the first conducting film 103. The

dielectric film 104 is provided with openings 110 to selectively expose the surface of

the first conducting film 103. The exposed portions of the dielectric 104 are indicated

by 104a. A second conducting film 105 is fonned to cover the openings 110.

[0041]

A third conducting film 106 is formed on the second substrate 102. Conducting

spacers 107 are located between the first substrate 101 and the second substrate 102.

[0042]'

FIG. 2A is a top plan view of the TFT substrate, and in which the second

conducting film 105 is not yet deposited. In FIG. 2A, the region 110 indicated by the

broken line corresponds to the opening [for the common contact formed in the interlayer

dielectric film 18 of the prior art structure. A dielectric 104a is selectively deposited to

leave portions of the first conducting film 103 to be exposed.

[0043]

The first conducting film 103 is exposed at locations where the dielectric 1043

is not deposited. The exposed portions of the first conducting film 103 are connected A

with the overlying second conducting film 105.

[0044]

On the first substrate 101, the dielectric 104a is closest to the second substrate.

As shown in FIG. 1, on the dielectric 104a, conducting spacers 107 electrically connect

the second conducting film 105 on the first substrate 101 with the third conducting film

106 on the second substrate 102.
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_[0045]

The dielectric 104a is closest to the second substrate 102. Therefore, the

conducting spacers 107 electrically connecting the second conducting film 105 with the

third conducting film 106 hold the cell gap G. In consequence, the gap G is dependent

only on the size of the conducting spacers 107. Where the spacers 107 are unifonn in

size, the cell gap G can be rendered uniform among 1iquid—crystal cells even if the

thickness t of the dielectric film 104 differs among cells.

[0046] A

In the present embodiment, the area of each portion not covered with the

dielectric 104a is preferably sufficiently wider than the area occupied by one conducting

spacer 107 and permits the conducting spacers 107 to move freely, because the spacers

107 existing in the regions where the dielectric 104a is not present do not contribute

toward maintaining the gap. Otherwise, plural conducting spacers 107 would be

stacked on top of each other, making it impossible to maintain the cell gap G uniform
across the cell.

[0047]

Also in the present embodiment, it is desirable that the area of each portion of

the dielectric film 104a be sufficiently larger than the area occupied by one conducting

spacer‘ 107 and that the conducting spacers 107 be arranged with certainty. If the spacers

107 are not positioned on the dielectric film 104a with certainty, itwill not be possible

to make electrical connections between the first and second substrates. Furthermore, the

cell spacing will not be maintained.

[0048]

In this embodiment, the dielectric 104a is deposited as shown in FIG. 2A. The

relation between the regions where the dielectric 1043 is deposited and each region

where the first conducting film 103 is exposed may be reversed as shown in FIG. 2B.

[0049]

[Examples] '

[Example 1]

In this example, the present invention is applied to a. common contact portion

of a reflection-type liquid crystal display. FIG. 3 is a top plan view of the IFI
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substrate of_ this liquid crystal display. FIG. 4 is a top plan view of the counter

substrate of the liquid crystal display.

[0050]

Referring to FIG. 3, the TFI‘ substrate 200 comprises a substrate 201 having a

pixel region 202, a scanning line driver circuit 203, and a signal line driver circuit 204.

Pixel electrodes and TFTS connected with the pixel electrodes are arranged in rows and

columns in the pixel region 202. The scanning line driver circuit 203 controls the

timing at which each TFT is turned on and off. The signal line driver circuit 204

supplies image data to the pixel electrodes. Extractor terminals 205 are also provided to

supply electric power and control signals from the outside. Common contact portions

206a-206d form junctions with the counter electrode.

[0051]

As shown in FIG. 4, the counter substrate 250 comprises a substrate on which a

counter electrode. 252 consisting of a transparent conducting film is‘ deposited. A

central rectangular region 253 is opposite to the pixel region 202 of the'TFl" substrate

200. Four corner regions 254a-254d are electrically connected with the contact

portions 206a-206d, respectively, of the TFT substrate 200.

[0052]

As shown in FIG. 3, conducting pads are formed in the common contact

portions 206a-206d, respectively, of the TF1‘ substrate 200. These conducting pads are

electrically connected together by internal conducting lines 207a-207c. The internal

lines 207a and 207b extend to the extractor terminals 205 and are electrically connected

with common terminals 205a and 205b, respectively.

[0053]

A process sequence for manufacturing the pixel region 202 and the common

contact portion 206a-206d on the TFI‘ substrate is next described by referring to Figs. 5.

[0054]

First, the substrate 201 having an insulating surface was prepared. In the

present example, a silicon oxide film was formed as a buffer film on the glass substrate.

An active layer 302 consisting of a crystalline silicon film was formed over the

substrate 201. Although only one IF I is shown, millions of TFFS are built in the pixel
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region 202 in practice.

[0055]

In the present example, an amorphous silicon film was thermally crystallized to

obtain the crystalline silicon film. This crystalline silicon film was patterned by an

ordinary photolithographic step to obtain the active layer 302. In this example, a

catalytic element such as nickel for promoting the crystallization was added during the

crystallization. This technology is described in detail in Japanese Unexamined Patent

Publication No. 7-130652.

[0056]

Then, a silicon oxide film 303 having a thickness of 150 nm was formed. An

aluminum Vfilm (not shown) containing 0.2wt% by weight of scandium was deposited on
the

silicon oxide film 303. The aluminum film was patterned, using a resist mask 304, into

an island pattern 305 from which gate electrodes will be formed (Fig. 5A).

[0057]

The present example made use of the anodization technique described in

Japanese Unexamined Patent Publication No. 7-135318. For further information,

refer to this publication.

[0053]

First, the island pattern 305 was anodized within a 3% aqueous solution of

oxalic acid while leaving the resist mask 304 on the island pattern 305, the mask 304

having been used for the patterning step. At this time, an electrical current of 2 to 3

mV was passed, using a platinum electrode as a cathode. The voltage was increased

up to 8 V. Since the resist mask 304 was left on the top surface, porous anodic oxide

film 306 was formed on the side surfaces of the island pattern 305 (Fig. 5B).

[0059]

After removing the resist mask 304, anodization was carried out within a

solution prepared by neutralizing a 3% aqueous solution of tartaric acid with aqueous

ammonia. At this time, the electrical current was set to 5 to 6 mV, The voltage was

increased up to 100 V. In this way, a dense anodic oxide film 307 was formed.

[0060]
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The above—described anodic oxidation step defined the unoxidized island

pattern 305 into gate electrodes 308. Internal connecting lines 207c interconnecting"

the common contact portions 206C and 206d were created from the aluminum film

described above simultaneously with the gate electrodes 308. I

[0061]

V Then, using the gate electrodes 308 and" surrounding anodic oxide film 306,

307 as a mask, the silicon oxide film 303 was etched into a gate insulating film 309.

This etching step relied on dry etching using CF4 gas (Fig. SC).

[0062]

After the formation of the gate insulating film 309, the porous anodic oxide

film 307 was removed by wet etching using Al mixed acid.

[0063]

Thereafter, impurity ions for imparting one conductivity type were implanted

byiion implantation or plasma doping. Where N-type TFTs are placed in the pixel

region, P (phosphorus) ions may be implanted. Where P—type TFTS are placed, B

(boron) ions may be implanted.

[0064]

In the. present example, the above-described process for implanting the

impurity ions was carried out twice by ion implantation. The first step was performed

under a high accelerating voltage of 80 keV. The system was so adjusted that the peak

of the impurity ions was brought under the ends (protruding portions)'of the gate

insulating film 309. The second step was effected under a low accelerating voltage of

5 keV. The accelerating voltage was adjusted so that the impurity ions were not

implanted under the ends (protruding portions) of the gate insulating film 309.

' [0065] I

In this way, a source region 310, a drain region 311, lightly doped regions 312,

313, and a channel region 314 for the TF1‘ were formed. The lightly doped region 313

on the side of the drain region 311 is also referred to as the LDD region (Fig. 5D).

[0066]

At this time, it is preferable to implant the impurity ions to such a dosage that

the source and drain regions 310 and 311, respectively, exhibit a sheet resistance of 300
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to 500 Q /El. In addition, it is necessary to optimize the lightly doped regions 312

and 313 according to the performance of the TFT. After the impurity ion implantation

step, a thermal treatment was carried out to activate the impurity ions.

[0067]

Then, a 1 U. m-thick—silicon oxide film was formed as a first interlayer dielectric

film 315. The thickness of the interlayer dielectric film 315 was set to 1 U. In to flatten

the surface of the first interlayer dielectric film 315 as much as possible. This could

mitigate the protrusions due to the gate electrodes 308.

[0068]

The first interlayer dielectric film 315 may be made of silicon nitride or silicon

oxynitride, as well as silicon oxide. Alternatively, the first interlayer dielectric film

315 may be a multilayer film of these materials. 0

[0069]

Contact holes for gaining access to the source and drain regions 310 and 311,

respectively, were created in the first interlayer dielectric film 315. Contact holes for

allowing access to the internal conducting lines 207c were formed in the common

contact portions 206c and 206d. Then, a conducting film forming a precursor for

source and drainelectrodes 316 and 317, respectively, and for internal conducting ‘lines

318 was deposited.

[0070]

In this example, the conducting film was created from a multilayer film of

titanium (Ti), aluminum (Al), and titanium (Ti) by sputtering. Each of the titanium

layers was 100 nm thick, while the aluminum layer was 300 nm thick. This multilayer

film was patterned to form a source electrode 316, a drain electrode 317, and internal

conducting lines 318 (Fig. SE).

[0071]

The internal conducting lines 318 shown FIG. 5 correspond to the internal

conducting lines 207a and 207b shown in FIG. 3. These conducting lines 207a and

207b were connected with internal conducting lines 207c at the common contact

portions 206c and 206d. The internal conducting lines 207c and the gate electrode 308

were created by the same processing steps.
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[0072]

Subsequently, an organic resinous film was formed as a second interlayer

dielectric film 319 to a thickness of 1 to 2 LL m. Polyimide, polyamide, polyimidamide,

acrylic resin, or other material may be used as the material of the organic resinous film.

The organic resinous material acts to planarize the surface of the second interlayer

dielectric film 319. This is important to make the cell gap uniform. In the present

example, polyimide was deposited as the second interlayer dielectric film 319 to a

thickness of 1 m.

[0073]

Then, contact holes 320 and 321 were formed in the second interlayer dielectric

‘ film 319 to have access to the drain electrode-317 and to the internal conducting lines

318, respectively. The contact holes 321 for the internal conducting lines 318 were

formed in the openings 111 shown in Fig. 2A. That is, rectangular holes measuring 100

Mm times 100Ltm were arranged in 5 rows and 5 columns within the rectangular

region 110 measuring 1.1 mm.times.1.1 mm. These holes were spaced 100I.Lm from

each other. Moreover, contact holes for connecting the internal conducting lines 318

(207a and 207b) with the common terminals 205a and 205b at the extractor terminals

205 were formed.

[0074]

As described later, the size of each hole was set to 100 11 m times.100 M m to set

the diameter of the conducting spacers to 3.5Ltm in this example. This provides

sufficient space so that the conductive spacer located at this position can move. Hence,

the conducting spacers are prevented from being stacked on top of each other.

[0075]

The area of the left portions of the interlayer dielectric film 319 in the common

contact portions is large enough to permit the conducting spacers to move. This

assures that the conducting. spacers are arranged in these regions. Consequently, the

conducting spacers positioned in these regions can maintain the cell gap and make

electrical connections reliably.

[0076]

A thin metal film which would later be made into pixel electrodes 322 and a
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conducting pad 323 were fonned to a thickness of 100 to 400 nm. In the present

example,‘the thin metal film was made of an aluminum film containing 1 wt % titanium
and deposited to a thickness of 300 nm by sputtering. Then, the thin metal film was

patterned to fOI‘lTl the pixellelectrodes 322 and the conducting pad 323. This pad 323

measured 1.1 mm.times.1.1 mm, was rectangular, and covered the contact holes 321.‘

The extractor terminals 205 were also patterned. Thus, the [F1 substrate was

completed (Fig. 5G).

[0077]

Referring to Fig. 6, the counter substrate 250 comprised a transparent plate 251

on which the counter electrode 252 was formed from an ITO film. A glass or quartz

substrate can be used as" the substrate 251.

[0078]

Then, the TFT substrate 200 and the counter substrate 250 were bonded

together. This bonding step may be a well-known cell assembly method.

[0079]

First, a sealing material was applied to one of the TFT substrate 200 and the

counter substrate 250. In this example, the sealing material was applied to the counter

substrate 250. A UV—curable and therrnosetting resin was used as the sealing material.

This sealing material was applied around the substrate along straight lines except for the

liquid crystal injection pom by a sealant dispenser. A sealing material to which 3.0

wt % spherical conducting spacers 401 were added was applied to regions 254a-254d

shown in Fig. 4. The sealing material to which the conducting spacers were added

functioned as an anisotropic conducting film.

[0080]

Generally, the conducting spacers 401- consist of resinous spheres coated with a

conducting film. In the present example, the conducting spacers 401 were coated with

gold (Au). The diameter of the conducting spacers 401 may be larger than the cell gap

by about 0.2 to 1 /Lm. In this example, the conducting spacers 401 had a diameter of

3.5 LL In to set the cell gap to 3 LL m. ” After applying the sealing material, it was

temporarily baked. '

[0081]
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Thereafter, spacers 402 were dispersed onto one of the TFT substrate 200 and

the counter substrate 250 to maintain the cell gap. In this example, theispacers 402

were applied to the counter substrate 250. To set the cell gap to 3!Lrn, spherical

spacers of a polymeric material were used as the spacers 402.

[0082]

Then, the TFT substrate 200 and the counter substrate 250 were held opposite

to each other, and they were pressed against each other until the cell gap in the pixel

region was decreased to the diameter of the spacers 402. Under the pressed state, UV

light was directed at this assembly for more than 10 seconds to cure the sealing material.

The cell gap was fixed. Then, the assembly was heated under pressure, thus enhancing

the adhesive strength.

[0083]

Subsequently, a liquid crystal material was injected, and the entrance hole was

sealed off, thus completing the cell assembly process. As shown in Fig. 6, the counter

electrode 252 on the counter substrate 250 was electrically connected with the

conducting pad 323 on the TFI‘ substrate 200 by the conducting spacer 401. On the

TFI‘ substrate, the conducting pad 323 connected the internal conducting lines 318 with

the common terminals. This connection structure permitted the counter electrode 252

on the counter substrate 250 to be connected with an external power supply via the

conducting lines on the TF1‘ substrate. FIG. 1 is an enlarged view of the common

contact portion of FIG. 6.

[0084]

In the present example, to set the cell gap to 3 Mm, the spacers 402 applied to

the pixel region had a diameter of 311. m. The diameter of the conducting spacers 401

was 3.5 IL in. . Setting the diameter of the conducting spacers greater than the diameter

of the spacers-402 (i.e., the cell gap) made reliable the connection between the counter

electrode 252 and the conducting pad 318. When the two plates were being clamped

together to bond them together, the conducting spacers 401 were crushed because they

were larger in diameter than the cell gap. This increased the areas of the portions in

contact with the counter electrode 252 and with the conducting pad 318, respectively.

Hence, the electrical connection was rendered more reliable. Furthermore, the cell gap '

-24-



Exhibit 1002, page 162

could be maintained at the same dimension as in the pixel region.

[0085]

In this example, the internal conducting lines 318 were made of the precursor

for the source and drain electrodes 316 and 317, respectively. It is only necessary for

the internal conducting lines 318 to be under the pixel electrodes 322. For instance,

where a black, matrix consisting of a conducting film of titanium or the like is formed

inside the second interlayer dielectric film 315, the internal conducting lines 318 can be

formed from this conducting film. I

[0086]

In the present example, it is important to flatten the surface of the second

interlayer dielectric film 319 on which the pixel electrodes 322 are formed in order to

make uniform the cell gap. Also, the flatness of the surface of the first interlayer

dielectric film 315 where the internal conducting lines 318 are formed is important.

[0087]-

Methods of obtaining an interlayer dielectric film having a flat surface include

_ a method of increasing the thickness of the interlayer dielectric film, a leveling method

using an organic resinous film, a mechanical polishing method, and etch-back

techniques. The present example made use of the method of increasing the film

thickness to planarize the first interlayer dielectric film 315. Also, the method of

relying on leveling using an organic resinous film was used to flatten the first interlayer

dielectric film 315. Other methods may also be employed for the same purpose.

[0088]

In a liquid crystal display in accordance with the present example, a dichroic

dye may be dispersed in the liquid crystal layer. Orientation films may be deposited

on the TF1‘ substrate and on the counter substrate. Color filters may be formed on the

counter substrate. The practitioner may appropriately determine the kind of the liquid

crystal layer, the presence or absence of the orientation films and the color filters

according to the driving method, the kind of the liquid crystal, and other factors.

[0089]

For instance, where the color filters are mounted on the counter substrate 250,

the color filters are not formed at the common contact portions and so steps are formed
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' between the pixel region and the common Contact portions on the counter substrate.

To compensate for these steps, it is necessary to make the diameter of the conducting

spacers larger by an amount almost equal to the thickness of the color filter.

[0090]

In the present example, the liquid crystal display is of the reflection type. A

transmissive liquid crystal display may also be fabricated. In this case, the precursor

for the pixel electrode and for the conducting pad may be made of a transparent ITO
film or the like.

[0091]

In the example described above, the transistor is a coplanar TF1‘ that is a

typical top-gate TFT, It may also be a bottom-gate TF1‘. In addition, thin-film diodes,

metal-insulator-metal (MIM) devices, metal-oxide varistors, and other devices can be

used, as well as the TF'I‘s.

[0092]

[Example 2]

The present example is a modification of the common contact portions of

Example 1. Fig. 7 is a fragmentary cross-sectional view of an active-matrix display in

I accordance with the present example. The configuration of a TFT substrate shown in

Fig. 7 is the same as the configuration shown in Fig. 6, and some reference numerals are

omitted. Like components are indicated by like reference numerals in both Figs. 6 and 7.

FIG. 9 i_s an enlarged view of the common contact portion shown in Fig.7.

[0093]

In Example 1 shown in Fig. 6, the counter electrode 2.92 consists of an ITO

film that is a transparent conducting film. Therefore, the counter electrode 252 and the

conducting spacers 401 are larger in electrical resistance than metal films. The present

example is intended to reduce this electrical resistance.

[0094] ‘

Accordingly, the resistance value between the counter "electrode 252 and the

conducting spacers 401 can be lowered by forming a metallization. layer on the counter

substrate 250 and patterning the metallization layer into conducting pads, or conducting

film, 501 at the common contact portions 254a to 254d. Importantly, the conducting
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film forming the conducting pads 501 is lower in electrical resistance than the

conducting film forming the counter electrode 252.

[0095]

Where the black matrix on the counter substrate is formed from a conducting

film as consisting .of chromium, the connecting pads 501 can be formed from this

conducting film. When the conducting film is patterned to form the black matrix, the

connecting pad 501 may be created.

[0096]

[Example 3]

The present example is a modification of Example 2. FIG. 8 is a fragmentary

cross-sectional view of an active—matrix display in accordance with the present example.

The TFI‘ substrate shown in Fig. 8 is identical in structure with that shown in Fig. 6,

and some reference numerals are omitted in Fig. 8. It is noted like components are

denoted by like reference numerals in both Figs. 6 and 8. Fig. 10 is an enlarged view

of the common contact portion of Fig. 8.

[0097]

In Example 1, both counter substrate 251 and counter electrode 252 are

transparent to light and so the distribution of the conducting spacers 401 on the common

contact portions can be visually observed from the side of the counter substrate 250

after both substrates have been bonded together. In Example 2, however, the

connecting pad 501 consistingiof metallization layer is formed and, therefore, the

distribution of the conducting spacers 401 cannot be visually checked.

[0098]

The present example is intended to permit one to visually observe the

distribution of the conducting spacers 401 while a connecting pad is provided to lower

the resistance value. For this purpose, the connecting pad, 601, is provided with

openings formed at selected locations. One can observe the conducting spacers 401

through these openings. 9

[0099]

FIG. 11 is a top plan view of the Contact portions according to the present

example, taken from the side of the counter substrate. Fig. 10 is a cross-sectional view
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of the common contact portion in a region 600 surrounded by thebroken line. As

shown in Fig. 11, the conducting pad 601 is formed with openings 602. In each

opening 602, there exist only the counter substrate 251 and the counter electrode 252,

both of which have transparency. Hence, the distribution of the conducting spacers

401 can be observed through the openings 602.

[0100]

To maintain the cell gap, the openings 602 should be formed opposite to the

contact holes 321 formed in the second interlayer dielectric film of the TF1’ substrate.

At these locations, the conducting spacers 401 are not in contact with the counter

"electrode. The areaof each opening 602 should be slightly larger than the area of each

contact holes 321 formed in the second interlayer dielectric film, i.e., about several to

thirty percent greater. The number of the openings 602, their arrangement, and their

shape are not limited to the example of Fig. 11. Rather, one can arbitrarily set these

geometrical factors.

[0101]

Setting each opening 602 in the connecting pad 601 slightly larger than each

contact holes makes it possible to visually check the conducting pad 602 on the second

interlayerdielectric film 319, which contributes to electrical connection.

I [0102] '

In Examples 2 and 3, the cell gap in the common contact portions is made

uniform. At the same time, the contact resistances of the conducting spacers 401 and

of the counter electrode 252 are decreased. If the main purpose is to lower these

resistance values, the common contact portions on the TFI‘ substrate may have the prior

art structure as shown in Fig. 13. In this case, any of the connecting pads 501 and 601

described in Examples 2 and 3, respectively, may be formed between the substrate 23

and the counter electrode 24 at the common contact portions 16 shown in Fig. 13.

[0103]

In Examples 1-3 described above, the present invention is applied to

active-matrix liquid crystal displays. The contact ‘structure in accordance with the

present invention is applicable to any apparatus having a contact stmcture for

electrically connecting conductors formed on one substrate with conducting conductors

-28-



Exhibit 1002, page 166

formed on the other opposite substrate via conducting spacers. For example, the novel

contact structure can connect lCs built on different silicon wafers.

[0104]

[Effect of the Invention]

The common contact structure in accordance with the present invention can

eliminate variations of the cell gap among liquid-crystal cells even if the film thickness

varies among interlayer dielectric films. Also, poor contacts due to conducting spacers

can be reduced.

[0105]

In particular, in accordance with the present invention, the cell gap depends

only on the size of conducting spacers. Therefore, where the conducting spacers are

unifonn in size, the cell gap between opposite substrates or plates can be made uniform
among different liquid-crystal cells, if the thickness of a dielectric film

electrically insulating the first and second conducting films is different among different

liquid-crystal cells.

[Brief Description of the Drawings]

[Fig. 1] A fragmentary cross-sectional view of a common Contact portion in '

accordance with the present invention.

[Fig. 2] Top plan views of the common contact portion in accordance with the

present invention.

[Fig. 3] A top plan view of the TF1" substrate of a liquid crystal display in

. accordance with Example 1 of the invention.

[Fig. 4] A top plan view of the counter substrate of the liquid crystal display in

accordance with Example 1.‘

[Fig. 5] A drawing illustrating a process sequence for fabricating the TFT substrate

in accordance with Example 1.‘

[Fig. 6] A fragmentary cross-sectional View of a pixel region and a common contact

portion of the liquid crystal display in accordance with Example 1. _

[Fig. 7] A fragmentary cross-sectional view of a pixel region and a common contact

portion of the liquid crystal display in accordance with Example 2.

[Fig. 8] A fragmentary cross-sectional view of a pixel region and a common contact

-29-
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portion of the liquid crystal display in accordance with Example 3. .

[Fig. 9] An enlarged cross-sectional view of the common contact portion in

accordance with Example 2. I

[Fig. 10] An enlarged cross—sectional view of the common contact portion in

accordance with Example 3.

[Fig. 11] MA top plan View of the common contact portion in accordance with

Example 3.

[Fig. 12] A top plan view of the TFT substrate of the prior art liquid crystal display.

[Fig. 13] A cross-sectional view of a pixel region and a common contact portion on

the TFI‘ substrate.

[Fig. 14] A top plan view of the common contact portion of prior art.

[Description of Reference Numerals]

101 first substrate

102 second substrate

103 first conducting film

104 dielectric film

105 second conducting film

106 third conducting film

107 conducting spacers

200 TF1‘ substrate

205 extractor terminal

206 common contact portion

207 I internal conducting line

250 counter substrate I

252 counter electrode

315 first interlayer dielectric film

318 internal conducting line

319 second interlayer dielectric film

322 pixel electrode

323 conducting pad

401 conducting spacers
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[Document Name] Abstract

[Summary]

[Problem]

A common contact structure in accordance with the present invention can

eliminate variations of the cell gap among liquid-crystal cells even if the film thickness

varies among interlayer dielectric films. Also, poor contacts due to conducting spacers

can be reduced. I

[Solving Means]

A first conducting film 103, a dielectric film 104, 21 opening portion 111 formed

on the conducting film 104, leaving dielectric film 104a and a second dielectric film 105

covering the opening portion 111 are formed on top of a first substrate 101. The

conducting spacers 107 electrically connecting the second conducting film 105 with the

third conducting film 106 hold the cell gap G. In consequence, the gap G is dependent

only on the size of the conducting spacers 107. Where the spacers 107 are uniform in

size, the cell gap G can be rendered uniform among liquid-crystal cells even if the

thickness t of the dielectric’ film 104 differs among cells. - 0

[Selected Drawing] - Fig. 1
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6. 2001 12:01PM .xom PE'ABODY
Nixon Peabod5__;LP

Ammeys at Law pmvnncn .0415 CONFIDEN'I‘IAL]TY NOTICEThe information in this fax is intended for the nanicd

8180 Gflensbom Dfive recipients ‘only. It eonta.ins'p1-ivileged and confidential matter.
Suite 800 you‘ have received this fax in error, please notify us

McLean’ Virginia 22102_3823 _ immediately a eollect telephone call to (703) 790-9110 and
(703) 7903110 return the ongmarzo the sender by mail. We will reimburse

you for postage. Do not disclose the contents to anyone.

Fax: (703) 883-0370 “W Y°“-

FAX 7471/a/75MVr>t
December 6, 2001 Pages (including cover): 45

To: Examiner Dung Nguyen Fax: 703-746-7730 Ph: 031-305-0423

From: Luan Do

Messagef Dear Examiner Nguyen:

Pursuant to our telephone conversation this morning, attached herewith is a copy of the
verified English Translation of Japanese Application No. 9-0946606 that you requested.
Please note that the verified English Translation was submitted on October 11, 2001, and we

have received a stamped post card with the same date from the PTO.

Ifwe could be of further assistance in this matter, please let us know.

Reg. No. 38,434

 

Date: December 6, 2001 Pages (including cover): 45

To: Examiner Dung Nguyen Fax: 703-746-7730 Ph: 703-305-0423

From: Luan Do

Client/Matter: 740756-002237 User No.: Disbursement Amount: S

NVA207289.1

Received from < ro3+ss3+oa7o > at 1216101 11:15:4?AM [Eastern Standard Time]
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ogc. 6.2001 12:02PM .xoN msoovM

\.w'

This will acknowledge receiptlin re filing of-.

1. Submission of Verified Translation with Tmxfirniual "

W
_e—

1%? U.S.Patent Application of‘.
Iuvemor(s): Yoshiham HIRAKATA et ah.
Serial No.: 09/734,177

Filed: December 12, 2000

Due date: Ocwber 16, 2001
Title: CONTACT STRUCTURE

DOCIGT No. 740756-2237

October 11, 2001
ETRILCI)/sbs

***PLEASE DATE STAMP AND RETURN***

NVA2003T6.l

Received from < 703+883+03?0 > at 1215101 11:15:47AM [Eastern Standard Tme]
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,_._DEC. 6.2001 12:02PM .xoN PEABODY_ .
\J K.)

Please type a plus sign (+) insich this bcx —> [+] w3‘p/:3./:3/°2h1‘g):-600)Approved for use through 1 . 5143031
US. Parmr and Trademark Ofiee: US. DEPARTMENT OF COMMERCE

Under die Papa-work Reduciion Au oi‘ 1995, no patsous are required to rupoud u: a collection nf infmmafian unleaa it displays a valid ONE conuol number.

ng acTRANSMTT“ D b 12
1 C05“ Er ,

(10 be uscdfiar all conespwrdence din inirialfilingl Yoehihaxu HIRAKATA et al.

Examiner Name

Total Numbn of Pages in This Submission Anomcy Dockct Number 740!/55.2237

ENCLOSURES (check all [liar appbv) ,

U 1:“ 1-mnsmiml Form D Amgnmm; pap,“ D After Allowance Communication in Group
fibr an Application)

D F93 M13519“ U Dmwingm Submission of Vcrifizd Translation
'3 Ammdmm‘ D Liuznsing-rc|alrdPapers

D After Final U Petition

U Aflfidavltsldeclamrlonls) [3 ""“‘,°!" °° °°"‘’°_'‘ “? 5Provisional Applicanon

U Power ofAuvmcy. Rnvocmion
Chang: of Correspondence
Address

Certified Copy DfPriorily . CI Terminal Disclaimer (original w/
Docunwnb(s) Cover)‘

Exunsion ol"l"ime Rzquut

Express Abandonmznt Rcqucsl

Response no Missing Pans! D Requen for Refund
Incomplcm Application C] at), Number ol’CD(s)

D Response to Missing Pansunder 37 CFR l.52 oi-1.53

Firm
or

Individual name

[hereby certify that this correspondence is being dgposiicd with the United Stmas Postal Scrvica with sufficient postage as first class mail in an

cnvclape nddrnssed Lo: Commissioner for Panama. Washington, DC 20231 on this ME [:2
Type or printed name

A. in our Suzzemani; This form is csum _
ny comments on the amount of time you an: requlmd to complctc this form

Trademaxk Ofiiee, Washington, DC 2033 I. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND T03
Commiuionct for Pslzms, Washingion, DC 2023i.

N'VA100.l'l8. I

Received from < 703+883+03l0> at 12lfiI01 11:15:47AM [Eastern standard Time]
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M050. 6.2001 12:02PM .xoN PEABODY .. .r.

\-v' \..I

IN THE UNITED STATES PATENT AND TRADEMARK. OFFICE

In re Application of ) Group Art Unit: 2871
)

Yoshiham I-IIRAKATA et al. ) Examiner: D. Nguyen

Serial No.: 09/734,177

Filed: December 12, 2000

For: CONTACT STRUCTURE

 

Assistant Commissioner ofPatent October 1 1, 2001

Washington, D.C. 20231

Dear Sir:

Further to the Amendment filed on October S, 2001, in order to perfect Applicants’ claim

for priority pursuant to 35 U.S.C. §l19, submitted herewith is a verified translation of Japanese

Patent Application No. 9-094606 filed March 27, 1997.

If the Examiner has any further questions concerning this matter, he is invited to Contact

the undersigned.

Respectfully submitted,

NIXON PEABODY LLP

L . Do

gistration No. 38,434
NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

Telephone (703) 790-9110

EJR/LCD:sbs

NVA20D3156.|

Received from < 703383111370 > at M51111 11:15:47 AM [Eas1em Standardflmej
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Docket No.: 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Divisional Application of : )

Yoshiharu HIRAKATA et al )

Application No: 09/734,177 ) Group An Unit; 2371

Filed: December 12. 2000 ) Examiner: D. Nguyen

For: CONTACT STRUCTURE )

VERIFICATION OF TRANSLATION

Honorable Commissioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

I, Noriko Image, 116-2, Karniohi, Ohi-machi,Ast1igarakami-gun, Kanagawa.-ken 258-0016!apan,

a translator, herewith declare:

that I am well acquainted with both the Japanese and English Languages;

that I am the translator of the attached translation of the Japanese Patent Application No. 9-

094606 filed on March 27, 1997; and

that to the best of my knowledge and belief the followings is a true and correct translation of the

Japanese Patent Application No. 9-094606 filed on March 27, 1997.

I further declare that all statements made herein of my own knowledge are true and that all

statements made on information and belief are believed to be true; and further that theses statements

were made with the knowledge that willful false statements and the like so made are punishable by fine

or imprisonment, or both, under $ection 1001 of Title 18 of the United States Code, and that such

willful false statements may jeopardize the validity of the application or any patent issuing thereon.

Date:thiS&Ll1day of Octgber,2001 __ / ) ‘ Cg;' wwér "*‘;$/"\
Name: Noriko lnage

Received from < 703+883+0370 > at 1216101 11:15:17 AM [Eastern Standard lime]
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[Name of Document] Patent Application

[Reference Number] P003585-02

[Filing Date] March 27, 1997 \

[Attention] Commissioner, Patent Office

[International Patent Classification] I-{OIL 21/00

[Title of Invention] Contact Structure

[Number of Claims] 20

[Inventor]

[Address] ‘ 398, Hase, Atsugi-shi, Kanagawa-ken

c/o Semiconductor Energy Laboratory Co., Ltd.

[Name] Yoshiharu I-IIRAKATA

[Inventor]

[Address] 398, Hase, Atsugi-shi, Kanagawa-ken

N do Semiconductor Energy Laboratory Co., Ltd

[Name] Shunpei YAMAZAKI

[Applicant]

[Identification Number] 000153878

~..

[Name] Semiconductor Energy Laboratory C0,, Ltd.

[Representative] Shunpei YAMAZAKI

[Indication of Handlings] ‘

[Payment Method] Prepayment

[Number of Prepayment Note] 002543

[Payment Amount] 21000

[List of Attachment]

[Attachment] Specification 1

[Attachment] Drawing 1

[Attachment] Abstract 1

Received from <701+8113+03711 > at 12161111 11:15:47 AM [Eastern Standard11me|



Exhibit 1002, page 184

[Name of Document] Specification

[Title of the Invention]

CONTACT STRUCTURE

[Scope of Claim]

[Claim 1]

A contact structure of an electro—optica1 device comprising:

a first conducting film formed over a first substrate;

a dielectric film covering at least a portion of said first conducting film;

a opening portion formed in the dielectric film to expose parts of the first

conducting film by selectively leaving the dielectric film;

a second conducting film covering said dielectric film and said opening

portion,

a third conducting film formed over said second substrate;

and a plurality of conducting spacers held between said first and second substrates and

maintaining a gap between said first and second substrate;

wherein said opening portion,

said second conducting film, said conducting spacers and third conducting film

are connected in turn on said second dielectric film, wherein said conducting spacers

maintain a gap between said first and second substrates.

[Claim 2]

The Contact structure of claim 1 wherein each of said openings occupies an

area larger than an area occupied by each of said conducting spacers.

[Claim 3]

The contact structure of claim 1 or 2 wherein said dielectric film has a surface

larger than an area occupied by each of said conducting spacers.

[Claim 4]

A contact structure of an electro-optical device comprising:

a first conducting film formed over a first substrate;

a first dielectric film covering at least a portion of said first conducting film;

having an opening portion to expose a portion of said first conducting film;

a opening portion formed in the dielectric film to expose parts of the first

_ 2 -
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