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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
Which was filed: July 27, 1999
For: CONTACT STRUCTURE

Art Unit: 2871

Examiner: D. Nguyen

N N SN N’ N

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, 1998 now U.S Patent
5,982,471.--

REMARKS

This application has been amended to include the continuing application data

thereof.
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Examination on the merits is requested.

Respectfully submitted,

LT

Eric J. Robinson
Registration No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

Docket No.: 0756-2237

Exhibit 1002, page 4



Docket No.: 0756-2237

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Divisional Application of )

Yoshiharu HIRAKA et al )

Based On Serial No.: 09/361,218 ) ArtUnit: 2871

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

For: CONTACT STRUCTURE

INFORMATION DISCILOSURE 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,

~

L—;k—\

>

Eric J. Robinson
Registration No. 38,285

Nixon Peabody LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

ERJ/sas

NVA157161 1
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) CONTACT STRUCTURE

BACKGRQUND QF THE INVENTION

Field of the Invention

The present invention relates to a contact structure
5 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.
10 Description of the Related Art

In recent years, ligquid 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 liguid crystal display comprises two substrates and a
ligquid crystal material sealed between them. Electrodes are
formed on these two substrates to set up electric fields. A

- desired image or pattern 1is 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
25 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

30 and the counter electrode on the counter substrate, thus
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providing a display. The potential at each pixel electrode
on the TPFT 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
5 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.
10 The structure of the common contact of the prior art
active-matrix ligquid crystal display 1is 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 1l6a - 16d4.

25 Fig. 13 is a cross-sectional view of the pixel region
12 and a common contact portion 16 representing the common
contact portions 1l6a - 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

30 on the TFT 17. A pixel electrode 19 connected with the
drain electrode of the TFT 17 is formed on the interlayer
dielectric £ilm 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
5 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
10 and indicated by the broken line corresponds to the opening
formed in the interlayer dielectric f£ilm 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 1is
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 1lines 21, which in turn are electrically
25 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
30 dielectric film 18 is provided with the opening at the
common contact portion 16, as shown in Fig. 13. Therefore,

the cell gap G. in the common contact portion is almost equal
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to the sum of the cell gap Gz 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.

5 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 G in

10 the common contact portion among liguid-crystal cells.
The cell gap G, in the common contact portion 1is
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 £ilm 18. Consequently, to make

the cell gap G. 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 £ilm 18 may differ from

location to location on the same substrate. In this case,
the film thickness t may differ among different common
25 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

30 nonuniformity of the cell gap G. 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
5 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
10 spacer 26. The dlameter 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 £ilm 18. Where the thickness of the
interlayer dielectric f£film 18 1is much larger than the
designed value, the cell gap G. 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 conseqguence, the counter electrode
cannot be clamped at the common potential. As a result, a

display cannot be provided.

S Q E TINVENTION

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
25 the thickness of the interlayer dielectric film 1is

nonuniform across the cell or among different cells, and

reduces éoor electrical contacts which would normally be
caused by conducting spacers. -

This object is achieved in accordance with the

30 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
5 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 f£ilm;
a second conducting film covering the dielectric film left
and the openings; a third conducting film formed on the
10 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

~ sgubstrate 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
25 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
eprsed through the openings; a second conducting film
30 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
5 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
10 contact structure for connecting a conducting f£ilm 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
interlayver dielectric film covering the first conducting
film; openings formed in the interlayer dielectric film to
expose parts of the first conducting f£ilm by selectively
leaving the interlayver dielectric film;a second conducting
film defining the counter electrode formed on the second
substrate; a third conducting film covering the interlayver

dielectric film left and the openings; and conducting

spacers held between the first and second substrates and
25 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 f£ilm. The second conducting film, the conducting
30 spacers, and the third conducting £ilm are connected in turn
on the dielectric £film 1left. 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

5 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

10 pixel electrodes; an interlayer dielectric film covering the
first conducting film; openings formed in the interlayver
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 f£ilm are formed from a common starting f£ilm. The
second conducting film 1is connected with the first
conducting film through the openings extending through the
insulator. The second conducting £ilm, the conducting

spacers, and the third conducting f£ilm are connected in turn

25 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

30 a first substrate with a conducting £ilm 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
5 conducting £ilm 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
10 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. 1 is a fragmentary cross-sectional wview 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 1is a top plan view of the TFT substrate of a
25 ligquid 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
30 process sequence for fabricating the TFT substrate shown in
Fig. 3;
..9_
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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

5 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 wview of the
common contact portion shown in Fig. 7;

10 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.
12; and

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

portion shown in Fig. 13.

DETAILED DESCRIPTION OF THE INVENTION
EMBODIMENT 1

The present embodiment of this invention is described

by referring to Figs. 1, 2A and 2B. Fig. 1 is a fragmentary
25 cross—-sectional view of a common contact portion of a ligquid
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
.30 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

5 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
10 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
£ilm 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 £ilm, 104a, and the

openings 111.
A third conducting £film 106 is formed on the second
25 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 f£ilm 104 has been fully removed. In the present
30 embodiment, the dielectric film 104 1is 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
5 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.
10 In region 110, the left dielectric film 104a is closest
to the second substrate; therefore, the conducting spacers
107 electrically connecting the second conducting £ilm 105
with the third conducting film 106 maintain the gap G
between the substrates. Consequently, this gap G 1is
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 £ilm
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
25 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
30 the area of the surface of each left dielectric £ilm 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
5 not be maintained.

The openings 111 are formed as shown in Fig. 2A in the
present embodiment. The relation between the 1left
dielectric film 104z and each opening 111 may be reversed as
shown in Fig. 2B. It 1s that noted Fig. 1 is an enlarged

10 view of the region 120 indicated by the broken line in Fig.
2B.

EMBODIMENT 2

The present embodiment i1is 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 wview of the TFT substrate of the liguid 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

25 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.

30 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 1is
formed on top of a first substrate 101. A dielectric film
104 covers the first conducting f£ilm 103. The dielectric
5 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.
10 . 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 £ilm 105.

25 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 conductiﬁg film 106 on the second substrate

30 102.

The dielectric 104a is closest to the second substrate

102. Therefore, the conducting spacers 107 electrically

- 14 -
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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

5 cell gap G can be rendered uniform among liguid-cryscal

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 104a is preferably sufficiently

10 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

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

possible to make electrical connections between the first
25 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

30 first conducting film 103 is exposed may be reversed as

shown in Fig. 2B.
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EXAMPLE 1
Tn 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
5 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.
10 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 - 2064 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 £ilm is deposited. A central
rectangular region 253 1is opposite to the pixel region 202
of the TFT substrate 200. Four corner regions 254a - 2544

are electrically connected with the contact portions 206a -

25 206d, respectively, of the TFT substrate 200.
As shown in Fig. 3, conducting pads are formed in the
common contact portions 206a - 2064, respectively, of the
TFT substrate 200. These conducting pads are electrically
connected together by internal conducting lines 207a - 207c.
30 The internal lines 207a and 207b extend to the extractor
terminals 205 and are electrically connected with common

terminals 205a and 205b, respectively.

- 16 -
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A process sequence for manufacturing the pixel region
202 and the common contact portion 206a - 2064 on the TFT
substrate is next described by referring to Figs. 5A - 5G.
First, the substrate 201 having an insulating surface
5 was prepared. In the present example, & 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
10 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 f£ilm 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).

25 The present example made use of the anodization
technique described 1in Japanese Unexamined Patent
publication No. 7-135318. For further information, refer to
this publication.

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

30 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

- 17 -
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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

5 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 agueous ammonia. At
this time, the electrical current was set to 5 - 6 mV. The
10 voltage was increased up to 100 V. In this way, a dense

anodic oxide f£ilm 307 was formed.

The above-described anodic oxidation step defined the
unoxidized island pattern 305 into gate electrodes 308.
Internal connecting lines 207¢ 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 f£ilm 306, 307 as a mask, the silicon oxide film
303 was etched into a gate insulating £ilm 309. This
etching step relied on dry etching using CFy; gas (Fig. 5C).

After the formation of the gate insulating f£ilm 309,

the porous anodic oxide film 307 was removed by wet etching

using Al mixed acid.

25 Thereafter, impurity ions for imparting 'one
conductivity type were implanted by ion implantation ox
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.

30 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 £ilm 309.

The second step was effected under a low accelerating

5 voltage of 5 kevV. 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

10 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/0O. 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 implanﬁation
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 pgm to flatten

the surface of the first interlayver dielectric £ilm 315 as
25 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

30 315 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

5 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

10 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 intermnal
conducting lines 318 (Fig. 5E).

The internal conducting 1lines 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 £ilm 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

25 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

30 {m.

Then, contact holes 320 and 321 were formed in the

second interlayer dielectric film 319 to have access to the

- 20 -
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drain electrode 317 and to the internal conducting lines
318, respectiwvely. The contact holes 321 for the internal

conducting lines 318 were formed in the openings 111 shown

in Fig. 2A. That 1is, rectangular holes measuring 100 um x
5 100 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 um 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
10 extractor terminals 205 were formed.
As described later, the size of each hole was set to
100 pm x 100 um to set the diameter of the conducting
spacers to 3.5 Hm 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
25 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 nm by

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

30 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

- 21 -

Exhibit 1002, page 26



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

5 electrode 252 was formed from an ITO film. A glass orxr

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.

10 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 regionms 254a - 2544
shown in Fig. 4. The sealing material to which the
conducting spacers were added functioned as an anisotropic
conducting f£ilm.

- 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

25 gold (Au). The diameter of the conducting spacers 401 may
be larger than the cell gap by about 0.2 to 1 um. In this
example, the conducting spacers 401 had a diameter of 3.5 um
‘to set the cell gap to 3 um. After applying the sealing
material, it was temporarily baked. )

30 Thereafter, spacers 402 were dispersed onto one of the

TFT substrate 200 and the counter substrate 250 to maintain

the cell gap. In this examble, the spacers 402 were applied
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to the counter substrate 250. To set the cell gap to 3 um,
spherical spacers of a polymeric material were used as the
spacers 402.
Then, the TFT substrate 200 and the counter substrate
5 250 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
10 gap was fixed. Then, the assembly was heated underxr
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 1is an

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

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

25 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

30 252 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

5 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

10 internal conducting 1lines 318 to be under the pixel

electrodes 322. For instance, where a black matrix

consisting of a conducting film of titanium or the like 1is

formed inside the second interlayer dielectric-film 315, the

internal conducting lines 318 can be formed from this
conducting £ilm.

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 £ilm

having a flat surface include a method of increasing the

thickness of the interlayer dielectric film, a leveling
25 method using an organic resinous £ilm, 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
30 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 ligquid 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

5 filters may be formed on the counter substrate. The
practitioner may appropriately determine the kind of the
ligquid crystal layer, the presence or absence of the
orientation films and the color filters according to the
driving method, the kind of the ligquid crystal, and other

10 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 egual to the thickness of the
color filter.

In the present example, the liguid 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

25 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
30 The present example is a modification of the common
contact portions of Example 1. Fig. 7 1s 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

5 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

10 £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 £ilm, 501 at the common contact portions
254a - 2544d. 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 1is

formed from a conducting film as consisting of chromium, the

connecting pads 501 can be formed from this conducting film.
25 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-
30 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.
5 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
10 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 1s 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
25 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

30 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
5 contact holes 321 formed in the second interlayer dielectric
film, i.e., about several to thirty percent greater. The
number of the openings 602, theilr arrangement, and their
shape are not limited to the example of Fig. 11. Rather,
one can arbitrarily set these geometrical factors.
10 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 1s 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.

25 In Examples 1 - 3 described above, the present
invention is applied to active-matrix liguid crystal
displays. The contact structure in accordance with the
present invention is applicable to any apparatus having a
contact structure for electrically connecting conductors

30 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

5 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

10 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 ligquid-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.

30
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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 of polyimide, 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:
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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 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 device comprising:
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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 of polyimide, 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 of polyimide, 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, polyimidamide 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
5 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
10 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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CONTACT STRUCTURE

i

BACKGROUND OF _THE INVENTION
Field of the Invention
The present invention relates to a contact structure
5 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.
10 Description of the Related Art
In recent years, liquid crystal displays have been
extensively used in the display portions of moblle
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.

hE 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 w
formed on one substrate to control the supply of voltage to
each pixel electrode. Therefore, this substrate is referred
25 to as the TFT substrate. A counter electrode placed
. opposite to thé 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

30 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 controiled 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
5 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.
10 The structure of the common contact of the prior art
active-matrix liquid crystal display 1is next described
briefly by referring to Figs. 12 - 14.
Fig. 12 is a top plan view of a TFT substrate 10. This
TFT sub#trate comprises a substrate 11 having a pixel region

12, a scanning line driver circuit 13, and a signal 1line

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 l6a - 1e6d.
25 Fig. 13 is a cross-sectional view of the pixel region
12 and a common contact portion 16 representing the common
contact portions 16a - 16d4. A TFT 17 and many other TFTs
(not shown) are fabricated in the pixel region 12 oﬁ the
substrate 11. An interlayer dielectric film 18 is deposited
30 on the TFT 17. A pixel electrode 19 connected with the
drain electrode of the TFT 17 is formed on the interlayer

dielectric f£ilm 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 péd
5 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 f£ilm.
) Fig. 14 is a top plan view of the known common contact
portion 16. A region located inside the conducting pad 22
10 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 f£ilm is formed on the surface of
é 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.

Sphericél 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
25 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
30 dielectric film 18 is provided with the opening at the

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

the cell gap G. in the common contact portion is almost equal
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to the sum of the cell gap Gz 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.
5 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 G, in

10 the common contact portion among liquid-crystal cells.

The cell gap G. in the common contact portion is

constant since the cell gap Gp is constant because of the

relapion described above. Therefore, thelcell 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 G. uniform among liquid-crystal cells, it is

necessary that the film thickness ¢t of this interlayer

et 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
25 contacts even on the same substrate.

Because of the aforementioned nonuniformity of the
thickness t of. the interlayer aielectric film 18, the cell

gap G. in the common. contact portion differs among different

cells or different common contacts. Furthermore, the

30 nonuniformity of the cell gap Ge 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
5 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
10 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 f£ilm 18. Whexre the thickneés 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. 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 Dbe proVided.

SUMMARY OF THE 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
25 the thickness of the interlayer dielectric film 1is

nonuniform across the cell or among different cells, and

reduces éoor electrical contacts which would normally be
caused by conducting spacers. .

This object is achieved in accordance with the

30 teachings of the invention by a contact structure for

connecting a conducting £ilm formed on a first substrate
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with a eonducting film formed on a second substrate opposite
to the first substrate, the coﬁtact structure comprising: a )
cell gap defined between the first and second substrates; a
first conducting £ilm formed on the first substrate; a
S 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
10 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 theithird 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 connectlng a conductlng £film formed on a first
substrate with a conducting film formed on a second

- gubstrate opposite to the first substrate, the contact

structure comprising: a cell gap defined between the first

and second substrates; a first conducﬁing film formed on the
25 first substrate; a dielectric film covering the first
conducting film; openings formed in the dielectric £film to
‘expose parts of the first conducting £ilm; an insulator
deposited on only porﬁions of the first conducting film
expesed through the openings; a second conducting film
30 covering the openings; a third conducting f£ilm 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 cohducting film through the
openings extending through the _iﬁsulator. The second
conducting £film, . the conducting spacers, and the third
5 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
10 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 £irst 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 condﬁcting
film defining'the counter electrode formed onAthe second
substrate; a third conducting film co&ering the interlayer

dielectric film left and the openings; and conducting

_ spacers held between the first and second substrates and
25 connectingvthe second and third conducting films. The
second conducting £ilm is connected with the firét
conducting film through the openings. The third conducting

film and the pixel electrodes are formed from a common

starting film. The second conducting £ilm, the conducting
30 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'lnventlon resides in a
contact structure for connecting a first conductlng film
formed over a first substrate of an electrooptical device

-5 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
deflned between the first and second substrates; a first
conducting film formed on the first substrate and under the

10 pixel electrodes; an interlayer'dielectrlc 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 extendlng through the

openings; a second conductlng 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
conductlng film are formed from a common starting fllm The
second conducting £ilm is connected with the first
conducting film through the openings extending through the

1nsulator The second conductlng film, the conducting

spacers, and the third conductlng film are connected in turn

25 on the insulator formed in the openings. The conductlng

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

30 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; opénings formed in the dielectric £ilm and
exposing parts of -the first conducting film; a second
S conducting film covering the openings;a third conducting
film formed over the second substratej;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
10 second substrates. The first conducting film, the second
conducting £ilm, the conducting spacers, the third
conducting £ilm, and the fourth conducting films are
connected  in turn through the openings. The spacers
maintain the celi 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. 1 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 shéwn in Fig. 1; »
Fig. 3,-i/s/a top plan view of the TFT substrate of a
25 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. HSA - SG are cross-sectional views illustrating a
30 process sequence for fabricating the TFT su:bstrate 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 liguid

crystal dii§f§§ in accordance with Example 1;
Fig. 7 is a cross-sectional view similar to Fig. 6, but
5 illustrating Esample 2 of the invention;:
Fig. 8fis a cross-sectional view similar to Fig. 6, but
illustrating Eﬁgmple 3 of the invention;
Fig. 9% is an enlarged cross-sectional view of the
common contactgportion shown in Fig. 7;
10 Fig. 10 is- an enlarged cross-sectional view of the
common contactf portion shown in Fig. 8;
Fig. 11 is a top plan view of the common contact
portion shown ih Fig. 8; , ‘
Fig. rf/;s a top plan view of the TFT substrate of the-
priof‘art liquiﬁ‘crystal display: _
Fig. }8 is a cross—sectional view of a pixel region and
a common contact gbortion on the TFT substrate shown in Fig.
12; and ' '
Fig. 14

is. a top plan view of the common contact

portion shown in Fig. 13.

DETAILED DESCRIPTION OF THE INVENTION
EMBODIMENT 1

The present embodiment of this invention is described
by referring to Figs. 1, 2A and 2B. Fig. 1 is a fragmentary
25 cross-sectional view of a common contact portion of a liguid
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
_30 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 wvia the pixel electrode 19.
However, the interlayer dielectric film 18 does not exist

under the conducting pad 22 at the common contact. po:tion

5 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
10 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. 1In the present embodimeht, opeﬁings are
formed, selectively leaving the interiéyer dielectric film
18. |

In the present embodiment, as shown in Fig. 1, a first
conducting film 103 is formed on avfirst substrate 101. A
dielectric film 104 is deposited on the first conducting
film 103. The dielectric film 104 is .selectively 1left to
form openings 111 that expose parts of the first conducting
film 103. A sécond 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
25 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
30 embodiment, the dielectric £film 104 is selectively left to
form the dielectric film portioné 104a and the openings 111.

The openings 111 expose parts of the first conducting film
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103. The first conducting £ilm 103 is connected with the
second conducting film 105 at thése openings 111.
Oon the first substrate 101, the left dielectric £film
104a is closest to the second substrate 102; therefore, on
5 the 1eft 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 sbacer 107, as
shown in Fig. 1.
10 In region 110, the left dielectric film 104a is closest
to the second substrate; therefore, the conducting spacers
107 electrically connecting the second conducting f£ilm 105
with the third conducting £ilm 106 maintain the gap G
between the substrates. Consequently, this gap‘ G 1is
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

W among cells, even if the thickness t of the dielectric film
) 104 differs amohg cells. ' '

In the present embodiment, it is desired‘that the area
of each openingvlll 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
25 maintaining the gap. Otherwise, plural conducting spacers

107 would be stacked on tdp:of each other, making it

imposéible to maintain the cell gap'G uniform acr§ss.the

cell.

' Also in the present embodiment, it is desirable that
30 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.

EMBODIMENT 2
' The present embodlment 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 1ligquid crystal
dlsplay. 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.opehings.

In particular, in the present embodiment, the
dielectric layer is formed underneath the cbnduéting 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 f£ilm 103 1is
formed on top of a first substrate 10l1. A dielectric film
104 covers the first conducting £ilm 103. The dielectric
5 £film 104 is provided with openings 111 to selectively expose
the surface of the first conducting £ilm 103. The exposed
portions of the dielectric 104 are indicated by 104a. A
second conducting film 105 is formed to cover the openings
111.
10 ' A third conducting film 106 1is ﬁormed 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
correspbnds to the opening for the common contact formed in.’

the interlayer dielectric film 18 of the prior art

structuré. A dielectric 104a is selectively depositéd to
leave portions of the first conducting film 103 to be
exposed. . 7

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 f£ilm 105. '

25 on the first substrate 101, the dielectric 104a is
closest to the second substrate. As shown in Fig. l,.on the
dielectric 104a, conducting spacers 107.e1ectricélly connect
the second conducting film 105 on the first substrate 101
with the third conducting film 106 on the second substrate

30 102. ' ,

The dielectric 104a is closest to the second substrate

102. Therefore, the conducting spacers 107 electrically

- 14 -
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connecting‘the second conducting film 105 with the third
conducting film 106 hold the cell gap G. In conseguence,
the gap G is dependent only on the size of the conducting
spacers 107. Where the spacers 107 are uniform in size, the
5 cell gap G can be rendered uniform among ligquid-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 104a is preferably sufficiently
10 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-lO4a is not present do not contribute toward
maintaining the gap. Othefwise, 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 withvcertainty, it will not be

poséible to make electrical connections between the first
25 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 isvdeposited and each region where the

30 first conducting film 103 1is exposed may be reversed as

shown in Fig. 2B.
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EXAMP 1
In this example, the present invention is applied to a
common contact portion of a reflection-type liguid crystal
display. Fig. 3 is a top plan view of the TFT substrate of
5 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.
10 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 - 2064 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 - 2544

are electrically connected with the contact portions 206a -
25 206d, respectively, of the TFT substrate 200.

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

common contact portions 206a - 2064, respectively, of the

TFT substrate 200. These conducting pads are electrically

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

30 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 - 2064 on the TFT

substrate is next described by referring to Figs. 5A - 5G.
First, the substrate 201 having an insulating surface
5 was preparedJ 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

10 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 actlve layer
302. In this example, a catalytlc 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. 5A).

25 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%

30 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

5 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
10 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 cdnnecting lines 207c interconnecting the common
contact portions 206c and 2064 were éreated 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 f£ilm 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.

25 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. A

30 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
5 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.
Ih this way, a source region 310, a drain region 311,
lightly doped regions 312, 313, and a channel region 314 for
10 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 (Figr SD) . ' ‘ '
At this time, it is preferable to implant the impurity
ions to such a dosage that the sourcé and drain regions 310
and 311, respectively, exhibit a sheet résistance of 300 to

s00 Q/0O0. 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 £ilm 315. The thickness of the

interlayer dielectric film 315 was set to 1 pm to flatten

the surface of the first interlayer dielectric £ilm 315 as

25 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

30 315 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

0
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first interlayer dielectric film 315. .Contact holes for,:
allowing access to the internai-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 conduc;ing 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 1lines 318 shown Fig. B5E
correspond to the internal conducting lines 207a and 207b
shown in Fig. 3. These conductihg lines 207a and 207b were
connected with internal conducting lines 207c at the common
contact portions 206c and 2064. 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 Mm. 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 dielecﬁric

£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

- 20 -
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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
5 100 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 pum 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
10 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 um in. this example. This provides sufficient
i 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

25 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 nm by

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

30 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
..21_
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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
5 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.

10 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 wés

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 - 2544
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

25 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 um

“to set the cell gap to 3 um. After applying the sealing
material, it was temporarily baked. A

30 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

- 22 -
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to the counter substrate 250. To set the celi gap to 3 um;
spherical spacers of a polymeric material were used as the
spacers 402.

Then, the TFT substrate 200 and the counter substrate

5 250 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

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

Subsequently, a liguid crystal material was injected,

and the entrance holeée 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-

:é 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 1is an

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

In the present example, to set the cell gap to 3 pm,
25 the spacers 402 applied to the pixel region had a diameter
of 3 um. The diameter of the conducting spacers 401 was 3.5
Hm. 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
30 252 and the conducting pad 318. When the two plates were
being clamped together to bond them toéether, the conducting

spacers 401 were crushed because they were larger in
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diameter than the cell gap. Thls increased the areas of thetl
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
5 cell gap could be maintained at the same dimension as in the
pixel region. ‘ '
In this example, the internal condﬁcting lines 318 were

made of the precursor for the source and drain electrodes

316 and 317, respectively. It is only necessary for the
10 internal conducting lines 318 to be under the pixel
electrodes 322. For instance, where a black matrix

formed inside the second 1nterlayer dlelectrlc fllm 315, the
internal conducting lines 318 can be formed from this
conducting £ilm. '

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 dlelectrlc film

having a flat surface include a ‘method of increasing the

thickness of the interlayer dielectric £film, a leveling
25 method ﬁsing an organic resinous film, a mechanical
polishing method, and etch-back techniques. The present
example made use of the method of increasing the £ilm

thickness to planarize the first interlayer dielectric film

" 315. Also, the method of relying on leveling using an
30 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

t

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
5 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

10 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 contactvportions 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

25 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 varistoré, and

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

EXAMPLE 2
30 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 in1 
accordance with the present exaﬁple.- The configuration of a °
TFT substrate shown in Fig. 7 is the same as the
configuration shown in Fig. 6, and some reference numerals

5 are omitted. Like components are indicated by like
reference numerals in both Figs. 6 and 7. Fig. 9 1is 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

10 film. Therefore, the codnter electrode 252 and the
conducting spacers 401 are larger in electrical resistance
than metal films. The present example is intended to reduée
this electrical resistance.

Accordingly, the resistance value between the counter

electrode 252 and the conducting spacers 401 can be lowered

by forming a metallization laver on the counter substrate

250 and patterning the metallization laver into conducting

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

tﬁ 254a - 2544d. 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.
25 When the conducting film is patterned to form the black

matrix, the connecting pad 501 may be created.

EXAMPLE 3 .
The present example 1is a modification of Example 2.

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

30 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. Tt 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
elecﬁrode 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 pro&ided 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
5 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 érrangement, and their
shape are not limited to the example of Fig. 11. Rather,
one can arbitrarily set these geometrical factors.
10 Setting each opening 602 in the connecting pad 601
slightly 1larger 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 céll 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.

25 In Examples 1 - 3 described above, the present
invention is applied to active-matrix liguid crystal
aisplays. The contact structure in . accordance with the
‘present invention is applicable to any apparatus having a
vcontact structure for electrically connecting conductors

30 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 iﬁ accordance with the
present invention can eliminate variations of the cell gap
among liquid-crystal cells even if the film thickness varies

5 among interlayer dielectric films. Aléo, 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

10 are uniform in size, the cell gép between opposite
substrates or plates can be made uniform among'diffe;ent
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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EN 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 ing@id 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 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.

32
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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 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, polyamide, polyimidamide and acrylic resin.

9. An active matrix displg®y 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.

4
- 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:

G
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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 insﬁlating 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 inferlayer 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.

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

conductive spacers is.a sphere coated with gold.

'3 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 er comprises a fourth conductive film between said

third ductive film ajd 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 device-comprising:

gn
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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.

t+ 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

matrix display device furt mprises a fourth conductive film between said

third conductive film and s#d second conductive film.

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

matrix display device is a liquid crystal display device.

t  21. An active matrix display device comprising:

a first substrate;

33
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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.

11 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 device according to claim 21, wherein said active
matrix display device fu comprises a fourth conductive film between said
third conductive film and-gd1d second conductive film.

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

matrix display is a liquid crystal display device.

1. 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, 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 apd 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.

Exhibit 1002, page 100



10

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 intérlayer 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 dieiectrié £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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE gbf

o

In re DIVISIONAL Application of .
Yoshiharu HIRAKATA et al

Based On Serial No.-09/361,218
Which was filed: July 27, 1999

For: CONTACT STRUCTURE

Art Unit: 2871

Examiner: D. Nguyen

PRELIMINARY AMENDMENT

Honorable Assistant Commissioner for Patents

Washington, D.C. 20231
Sir:

- Please amend the subject application as follows:

IN THE SPECIFICATION:

L Before the first sentence of the specification, insert his application is a

=T New (\-S. PATS Na. @NTDI7¢
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
5,982,471.--

REMARKS

This application has been amended to include the continuing application data

thereof.
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2 ‘ Docket No.:0756-2237

Examination on the merits is requested.

EJR/sas

Respectfully submitted,

L=

Eric J. Robinson
Registration No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

W
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. . Docket No.: 0756-2237

’

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE /

43
IR o | 4F 7. o\
In re Divisional Application of ) 6a{\
Yoshiharu HIRAKA et al ) 74 Y

Based On Serial No.: 09/361,218 ) ArtUnit: 2871 9-‘

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. 09/361,21 8,‘ 09/046,685.

Respectfully Submittetd,

~

Z———,&_\

Eric J. Robinson .
Registration No. 38,285

Nixon Peabody LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

ERJ/sas

NVA157161.1
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DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding. “

Commissioner of Patents and Trademarks

PTO-80C (Rov. 2/95)

1- File Copy
“*U.S. GPO: 2000-473-000/44602 )
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Application No. Applicant(s)

‘ 09/734,177 Hirakata et al.
Off’ce Actlon Summary Examiner ‘ Group Art Unit
Dung Nguyen 2871

] Responsive to communication(s) filed on

{3 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 0.G. 213.

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

is longeér, 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 1.136(a).

Disposition of Claims

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

is/are withdrawn from consideration.

Of the above, claim{s)
is/are allowed.

{73 Claim(s)

X Claim{s) 7-30 is/are rejected.
- [} Claim(s) is/are objected to.

{J Claims are subject to restriction or election requirement.

Application Papers
{5 See-the attached Notice of Draftsperson's Patent Drawing Review, PT0-948.

is/are objected to by the Examiner.

7 The drawing(s) filed on
is [“bpproved [Hisapproved.

(J The proposed drawing correction, filed on
(7 The specification is objected to by the Examiner.

{0 The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
X Acknowledgemgnt is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).

X Al ISome* [JNone of the CERTIFIED copies of the priority documents have been

1 received.
Xl received in Application No. (Series Code/Serial Number)
{0 received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

09/361,218

*Certified copies not received:
{3 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s) .
X Notice of References Cited, PTO-892
X Information Disclosure Statement(s), PTO-1449, Paper Nof(s). 3

C Interview Summary, PTO-413

{1 Notice of Draftsperson's Patent Drawing Review, PT0-948

{7 Notice of Informal Patent Application, PTO-152

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES -

1. S. Patent and Trademark Office ) A
Office Action Summary Part of Paper No. __ 4

- 'PT0-326 (Rev. 9-95)
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Application/Control Number: 09/734,177 Page 2

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 1.321© 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 1.130(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.

' 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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Application/Control Number: 09/734,177 ' Page 3

Art Unit: 2871

Conclusion
4, The prior art made of record and not relied upon is cohsidered pertinent to applicant's
" disclosure.
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.

HNillowey (. Lt

02/24/2000 William L. Sikes
' Supervisory Patent Examiner
" Group 2871
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Application No. Applicant(s)
i 09/734,177 Hirakata et al.
- Notice of References Cited Fromine o ATCURT

Dung Nguyen 2871 _Page 1of 1

U.S. PATENT DOCUMENTS ) o
DOCUMENT NO. DATE NAME ”u*ff CLASS SUBCLASS

A 6,177,974 1/2001 Hirakata et al. ’@/ 349 155

FOREIGN PATENT DOCUMENTS

DOCUMENT NO. DATE COUNTRY NAME CLASS SUBCLASS

NON-PATENT DOCUMENTS

DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE

U. S. Patent and Trademark Office
PTO-892 (Rev. 9-95) Notice of References Cited Part of Paper No. 4
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Please type a plus sign (+) inside this box — O

PTO/SB/0SA (08-00)

Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Complete if Known

. iszﬂt""
i

Application Number

NetYetAssignil ©9 /234 (777

Filing Date

De‘g‘e’mﬁ‘e'r 12, 2000

First Named Inventor

,‘p%shiharu HIRAKATA et al

(use as many sheets as necessary) Group Art Unit j" 2871
Examiner Name { D. Nguyen
Sheet | 1 | of I 1 Attomey Docket Number 0756-2237
U.S. PATENT DOCUMENTS
Examiner Cite U.S. Patent Docxgge/n:' : Date of Publication of Cited Pages, Columns, Lines, Where Relevant
Initials No.! - Name of Patentee or Applicant of Cited Document Passages or Relevant Figures Appear
Documnent MM-DD-YYYY
Number Kind Code?
(if known)

DN 5,649,358 Tanaka et al 04/1997 ——

DN Lg"ig23l,034 Bechteler 10/1980 -

Oord 2P| 3,954,325 Borden 05/1976 -

DN & | 5,742,006 Grupp et al 04/21/1998 —

oN r 5,982,471 Hirakata et al 11/09/1999 —

onN 4 5,966,594 Adachi et al 10/12/1999 —

&
5
N
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Date of Publication of Cited Pages, Columns, Lines, Where
Initials” No.! Name of Patentee or Document Relevant Passages or Relevant
Kind Code® Applicant of Cited Document MM-DD-YYYY Figures Appear bl
Office® Number* (if known)
NOTINFILE MAY OFHO6458 02/20/1997~ Fut—
i
Fd
&
i
J
B i

Examiner GuvEr) Date ;
Signature / onNGy Considered © 2/)'3 / o\
*EXAMINERY/ Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not

in conformarife and not considered. Include copy of this form with next communication to applicant.

! Unique citation designation number. 2 See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document, by the two-
letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the
serial number of the patent document. * Kind of document by the appropriate symbols as indicated on the document under WIPO Standard

ST.16 if possible. ® Applicant is to place a check mark here if English language Translation is attached.

Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual

case. Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Assistant Commissioner for Patents, Washington, DC 20231.

NVA29570.1
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-1-  af Docket No. 0756-2237

In re Patent Application of ) Art Unit: 2871
Yoshiharu HIRAKATA et al. ) Examiner: D. Nguyen
Serial No. 09/734,177 )
CERTIFICATE OF MAILING .
Filed: December 12, 2000 ) -
: I hereby certify that this correspondence is being deposited with
For: CONTACT STRUCTURE ) The Upited States Postal Service with sufficient postage as First
) Ci@{i] in an envelope addressed to: Commissioner for Patents,
Wa ton, D.C. 20234, on_May28 2001
o= 4 o s = N
14 /}\ _ <*~.{\
T Z N
RESPONSE &, 7 <%/,
H ble C issi f Patent 0”' g <
onoraole Commissioner o atents g ) <
. % %
Washington, D.C. 20231 2
)
<
: %
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.
Respectfully submitted,
i > .

Eric J. Robinson
Reg. No. 38,285

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

N183399.1
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) . . f{w‘%‘ﬁ UNITED STA!DEPAFITMENT OF COMMERCE

Patent and Tradzmark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

[ appucaTiONNO. | FILINGDATE | FIRST NAMED INVENTOR , ATTORNEY DOCKETNO. |
09/734.177 12712700 HIRAKATA Y 0756-2237 Y
|— _ - - ] EXAMINER VJ
022204 pM92 /0705 L
NIXON PEARODY. LLP HGUYEN.D Ea

8180 GREENSEORO DRIVE ART UNIT PAPERfNUMBER |

SUITE Bon

MCLEAN VA 22102 2871
DATE MAILED:
07705701 /

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

Commissioner of Patents and Trademarks

PTO-90C (Rev. 2/95)

1- File Copy
*U.S. GPO: 2000-473-000/44602
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o Application No. Applicant(s)
09/734,177 Hirakata et al.
Office Action Summary ro—— U
Dung Nguyen 2871

-- The MAILING DATE 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 MONTH(S) 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
1) Responsive to communication(s) filed on May 31, 2001

2a)J This action is FINAL. 2b)X] This action is non-final.

3)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 £x parte Quayle, 1935 C.D. 11; 453 0.G. 213.

Disposition of Claims

4)[] Claim(s) 7-30 is/are pending in the application.
4a) Of the above, claim(s) is/are withdrawn from consideration.
5)J Claim(s) is/are allowed.
6/ Claim(s) 7-30 is/are rejected.
7)00 Claim(s) is/are objected to.
8)J Claims are subject to restriction and/or election requirement.

Application Papers
9)0J The specification is objected to by the Examiner.

10)00 The drawingl(s) filed on is/are objected to by the Examiner.

110 The proposed drawing correction filed on is: a)J] approved b)Ll disapproved.

12)[J The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
13)0 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d}.

a)d Al b Some* c¢)[J None of:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

14)0J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)

15) M Notice of References Cited (PT0-892) 18) D Interview Summary (PT0-413) Paper No(s}.

18} D Notice of Draftsperson’'s Patent Drawing Review (PTO-948) 19) D Notice of Informal Patent Application (PTO-152)
17) D Information Disclosure Statement(s) (PT0O-1449) Paper Nol(s). 20) D Other:

U. S. Patent and Trademark Office

PTO-326 (Rev. 9-00) Office Action Summary Part of Paper No. 6
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Application/Control Number: 09/734,177 Page 2

Art Unit: 2871

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

2. 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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Application/Control Number: 09/734,177 Page 3

Art Unit: 2871

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, 'The 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 371© of this title before the invention
thereof by the applicant for patent.

S. 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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Application/Control Number: 09/734,177 Page 4

Art Unit: 2871

« 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 forms 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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Application/Control Number: 09/734,177 Page 5

Art Unit: 2871

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.

Inre 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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Application/Control Number: 09/734,177 Page 6

Art Unit: 2871

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.

o MNlbior X Lo

07/02/2001 William L. Sikes
Supervisory Patent Examiner
Group 2871
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- Notice of References Cited

Applicant/Patent

Hirakata et al.

Application/Control No. -
09/734,177
s

Examiner

Dung Nguyen

In
|5~ 2871 Page 1 of 1

Art Unitf

U.S. PATENT DOCUMENTS

Document Number
Country Code-Number-Kind Code

Date |
MM-YYYY

Name

Classification 2

A 6,219,124

4/2001

Lee et al.

349 147

FOREIGN PATENT DOCUMENTS

Document Number
Country Code-Number-Kind Code

Date |
MM-YYYY'

Country

Name

Classification ?

NON-PATENT DOCUMENTS

Include, as applicable: Author, Title, Date, Publisher, Edition or Volume, Pertinent Pages

Ty b ————

* A copy of this reference is not being furnished with this Office action. See MPEP § 707.05(a).

U. S. Patent and Trademark Office

PTO-892 (Rev. 01-2001)

1 Dates in MM-YYYY format are publication dates. 2 Classifications may be U.S. or foreign.

Notice of References Cited

Part of Paper No. 6
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PTO/SB/21 (08-00)
Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
Apblicaﬁon Number 09/734,177
TRANSMITTAL P
iling Date December 12, 2000
B FORM ’
“\(to be used for all correspondence after initial filing) First Named Inventor Yoshiharu HIRAKATA et al.
W
’w ‘é Group Art Unit 2871
&\ S/
A\ g Examiner Name D. Nguyen
7 €NT s TR (\Q—‘!l'otal Number of Pages in This Submission Attomney Docket Number 740756-2237

ENCLOSURES (check all that apply)

[X] Fee Transmittal Form O Assignment Papers O Afeer Altowance Communication to Group
(for an Application) O other
IZ] Fee Attached D -
Drawing(s) ’ .
-
B Amendment/ Reply O Licensing-related Papers @ ;(9‘
. ‘-\} C) .
O AterFinat I petition © O |0
O Affidavits/declaration(s) Petition to Convert to a // -
- Provisional Application =< r_'\:\
i i b \
D Extension of Time Request D Power of Attorney, Revocation ? "cg O
Change of Correspondence - P
D Express Abandonment Request Address %
D Information Disclosure Statement @ Terminal Disclaimer =
O cerified Copy of Priority O Request for Refund
Document(s) [ cp, Number of CD(s)

Response to Missing Parts/
Incomplete Application

R k:
emarks @ The Commissioner is hereby authorized to charge any additional fees

required or credit any overpayments to Deposit Account No. 19-2380 for
the above identified docket number.

D Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Luan C. Do, Reg. No. 38.434
o Nixon Peabody LLP
Individual name 8180 Greensboro Drive

Suite 800 g

McLean,IVA/{g}y/
7

chzom

v e ———
CERTIFICATE OF MAILING

V/

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mail in an
envelope addressed to: Commissioner for Patents, Washington, DC 20231 on this date:

Firm

Signature

Date

Type or printed name

Signature Date ctobe; 2

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case.
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

NVA199621.1
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PTO/SB/17 (11-00)
, y Approved for use through 10/31/2002. OMB 0651-0032
e E ) Complete if Known
FEE TRANSMITTAL o tumber { 09/734,177
Filing Date December 12, 2000
FOR FY 2001 First Named Inventor | Yoshiharu HIRAKATA ef al.
Examiner Name D. Nguyen
Patent fees are subject to annual revision. Group Art Unit 2871 A
TOTAL AMOUNT OF PAYMENT l ($) 110.00 Attorney Docket No. 740756-2237 //\’ /;?\
— — — - v e
METHOD OF PAYMENT ___FEE CALCULATION (continued) €2, ¢, ‘—‘
1. @ The Commissioner is hereby authoriz@)@gg di 3. ADDITIONAL FEES % e z
fees and credit any overpayments tg' LA Large Small L ~ . <(\
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Deposit ( .&m Fee Fee Fee Fee '?; @
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Number “ 72
' o, - 105 130 205 65 Surcharge — late filing fee or oath ~y
Deposit 72 v‘? 127 50 227 25 Surcharge - late provisional filing fee or cover sheet $
Account | Nixon Peabody LLP’ o
Nom ! Y ~.8 TRAD 139 130 139 130 Non-English transaction
E 147 2,520 147 2,520 For filing a request for ex parte reexamination
Charge Any Additional Fee Required 112 920* 112 920* Requesting publication of SIR prior to Examiner action
Under 37 CFR 1.16 and 1.17
D - B 113 1,840* 113 1,840* Requesting publication of SIR after Examiner action
Applicant clail 11 entity status.
s;p:;;a&:;allfrzl_s] small entity status 115 110 215 55 Extension for reply within first month
2. g Payment Enclosed: 116 400 200 200 Extension for reply within second month
E Check D Credit Card D Money D Other 117 920 460 460 Extension for reply within third month
Order 118 1,440 720 720 Extension for reply within fourth month
FEE CALCULATION 128 1,960 228 980 Extension for reply within fifth month
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of \yE 75y ) /l 7 / 5
Yoshiharu HIRAKATA et al./Q >\ ) Art Unit: 2871

Serial No. 09/734,177 Examiner: D. Nguyen
Filed: December 12, 2000
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/) AN [ v

For: CONTACT STRUCTUR]?”&/”"““Q

-1- Wocket No. 0756-2237

) 2 [0 // CYAY
AMENDMENT o o2
® T 'O
Honorable Commissioner of Patents S ‘%
e
Washington, D.C. 20231 3z T, ™
v 5 9
- -
ir 3
. : . E
In response to the Office Action dated July 5, 2001 please consider the following
endments and remarks in connection with the above-identified application.
THE CLAIMS:
Please amend claims 4, 9, 14, 19, 24 and 29 as follows:
U4, (Amended) An active matrix display device according to claim 1, wherein said
B ‘ 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
%ctive matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.
\

- 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.

+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 substrate.

NVA199485.1 3 9 /‘\
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1424, (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.

vi 29.  (Amended) An active matrix display device according to claim 26, wherein said
l 6 active matrix display device further comprises a fourth conductive film between said third
conductive film and said second substrate.

_
REMARKS

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.

NVA199485.1 g 6 \&
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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

terminal 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 § 102(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,

LuantC. Do
eg. No. 38,434

NIXON PEABODY LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110

NVA199485.1

Exhibit 1002, page 131



-4- Docket No. 0756-2237

VERSION WITH MARKINGS TO SHOW CHANGES MADE
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
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.

NVA199485.1
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In re PATENT application of / 23 2 % ) = = %
N 1
Yoshiharu HIRAKATA et al. / \"% ’»%O( // ﬁ%; ) ";% % S
2 RS = =
Serial No. 09/734,177 (/ 2% T, HAnUnit2871
L 2 7 =
Filed: December 12, 200 g@ = Z fl};xaminer: D. Nguyen
2
For: CONTACT STRUCTURE X )
3%
TERMINAL DISCLAIMER

Honorable Assistant Commissioner for Patents

Washington, D. C. 20231

Sir:

- D.C. 20231,0n

CERTIFICATE OF MAILING

! hexgby certify that this
correspondekge is being deposited with
the United States Postal Service with
sufficient postage as First Class Mail in .
an envelope addtessed to: Assistant
Commissioner for Ratents, Washington,

eRr. 5 200

N

I, Dr. Shunpei Yamazaki, having a place of business at Semiconductor Energy Laboratory

Co., Ltd., 398, Hase, Ats?hi, Kanagawa-ken 243-0036 Japan, state that I am authorized to sign

this invention and that the Assignment referred to below has been

on behalf of the assigne/P
reviewed and certify that] to the best of my knowledge and belief, the entire right, title and interest

in the above-identified application is in the name of Semiconductor Energy Laboratory Co., Ltd. by

virtue of an Assignment recorded in the U.S. Patent and Trademark Office at Reel 9256, Frame _~

0091.

Semiconductor Energy Laboratory Co., Ltd. hereby disclaims, except as provided below,

the terminal part of the statutory term of any patent granted on the instant application, which would

extend beyond the expiration date of the full statutory term defined in 35 U.S.C. 154 to 156 and 173,

as presently shortened by any terminal disclaimer, of prior Patent Nos. 5,982,47'Gnd 6,177,974.
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Semiconductor Energy Laboratory Cg., Ltd. hereby agrees that any patent so granted on the
instant app/{cation shall be enforceable onl fo[r/(nd during such period that it and prior Patent Nos.
5,982,471 and 6,177,974 are commonly owne This agreement runs with any patent granted on

the instant application and is binding upon the grantee, its successors or assigns.

_In making the above disclaimer, Semiconductor Energy Laboratory Co., Ltd. does not
disclaim the terminal part of any patent granted on the instant application that would extend to the
expiration date of the full statutory term as defined in 35 U.S.C. 154 to 156 and 173 of the prior
patent, as presently shortened by any terminal disclaimer, in the event that it later expires for failure
to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally.disclaimed under 35 .CFR 1.321, has all
claims cancelled by a reexamination certificate, is reissued, or is in any manner terminated prior to
the expiration of its full statutory term as presently shortened by-any terminal disclaimer.

I hereby 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 these statements
were made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 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.

02/ 17/ 20 I Gt A,
Date Name: Sl@ai Yamazx/{ /

TERMINAL DISCLAIMER A
APPROVED Title: President
OoCT 1 8 2001 Company Name: Semiconductor Energy
TECHNOLOGY CENTER 2800 Laboratory Co., Ltd
SPECIAL PROGRAM CENTER

- Technoogy Center2800 )
Qe W
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of . ) Group Art Unit: 2871
© )
Yoshiharu HIRAKATA et al. ) Examiner: D. Nguyen
Serial No.: 09/734,177 ) o
Filed: December 12, 2000 ) o Dy
) \;;.i -

For: CONTACT STRUCTURE -3

UB (o) D SLATIO <,

ey

Assistant Commissioner of Patent Ociober 11, 2001
Washington, D.C. 20231 .

Dear Sir:

Further to the Amendment filed on October 5, 2001, in order to perfect Applicants’ claim
for priority pursuant to 35 U.S.C. §119, submitted herewith is a verified translation of Japanese
Patent Application No. 9-094606 filed March 27, 1997. A

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
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Divisional Application of : )

Yoshiharu HIRAKATA et al ' )
Application No.: 09/734,177 ) Group Art Unit: 2871
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 Inage, 116-2, Kamiohi, Ohi-machi, Ashigarakami-gun, Kanagawa-ken 258-0016 Japan,
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 afe 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 Section 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 4th day of October, 2001 ,// - 0(
Lok Kope

Name: Noriko Inage

Exhibit 1002, page 137



. [Name of Document]

[Reference Number]

[Identification Number]

" [Name]

[Representative-]
[Indication of Handlings)
[Payment Method]

Patent Application
P003585-02

[Filing Date} March 27, 1997
_ [Attention] Commissioner, Patent Office
[International Patent Classification] HO1L 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 HIRAKATA
_[Inventor]
‘[Address] 398, Hase, Atsugi-shi, Kanagawa-ken
) c/o Semiconductor Energy Laboratory Co., Ltd
[Name] Shunpei YAMAZAKI
[Applicant] '

000153878
Semiconductor Energy Laboratory Co., Ltd.
Shunpei YAMAZAKI

Prepayment

[Number of Prepayment Note] 002543

[Payment Amount]
[List of Attachment]
[Attachment}
[Attachment]

[Attachment]

21000

Specification 1
Drawing 1
Abstract 1

Exhibit 1002, page 138




_ [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;
~ adielectric 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,

séid 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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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
vconducting 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 océupied 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 spacefs.

[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;

-3-
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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 ovér 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 €xpose
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 p-ortion, 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
aréa larger than an area occupied by each of said coﬂducting 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 saici 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
-4- ;
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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 _
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 by each of said conducting spacers. e

[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 conductihg film;

a second conducting film 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 disp]a);s 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.

11

i
i
i
1
|
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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-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.

[0004] .

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
providing a display. The potenti'al 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 connectéd 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 TFT substrate 10. This TFT substrate
comprises a substrate 11 having a pixel region 12, a scanning line driv;:r circuit 13, and
a signal line driver circuit 14. In the pixel region 12, pixel electrodes and TFTs
connected with the pixel électrodcs 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 aA(_;ommon contact
.portion 15. A TFT 17 and mény 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 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.

[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 transpafent
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 spacihg 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 elcctrically 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]

-8-
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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 to the sum of
ihe cell gap Gp in the pixel region + the film thickness t of the interlayer dielectric film
18.

 [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 nonuniformity of the cell gap Gc 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 Ge 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 éells. However, this is impossible to circumvent.

[0015]

Normally, the common contact portions of the liquid crystal disp-l.ay 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 Gc in the common contact portion differs
among different cells or different common contacts. Furthermore, the nonuniformity of
the cell gap Gce 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 Gc in the common contact portion as the area of the pixel region 12
becomes narrower than the area of the common contacf portion. Especially, in the case
of a projection display as used in a projector, the problem of above-described
nonunifbrmity of the-cell gap Gp in the pixel region becomes conspicuous, because it is
a quite accurate small-sized dispiay 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 Gce 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 filfn formed on the first substrate; a dielectric film covering the first
conducting film; openings formed in the dielectﬁc film to expose parts of the first
conducting film by selectively leaving the dielectric film; a second conducting film
coverihg 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 conductihg 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.

[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 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 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.

[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 lconducting 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
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 onra 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; openingé 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 éommon 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 opénings. 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 bpenings; 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]

| 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 Gce 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 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.

[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; therefo;e, 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 ihe 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; ) *

therefore, the conducting spacers 107 electrically connecting the second conducting film

105 with the third conducting film 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
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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 mov'e 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. 1 is 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
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. '

[0038]

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 Ge 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 opénings.

[0039] v

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 portioh 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 formed 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 substraté 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 dieléctric 104a
is not deposited. The exposed portions of the first conducting film 103 are connected
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 i

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 eleétrically connecting the second conducting film 105 with the
third conducting film 106 hold thecellgap G. In consequéﬂce, 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.

[0046] '

In the present embodiment, the area of each portion not covered witﬁ 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, it will 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 104a 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 TFT
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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 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 controis 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 TFT substrate
200. Four corner regions 254a-254d are electrically connected with the contact
portions 206a-206d, respectivély, 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 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.

[0053]

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. 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 TFT is shown, millions of TFTs 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.

[0058]

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. |

[0061]

‘ 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 CF, gas (Fig. 5C).

[0062]

After the formation of the gate iﬁsulating 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
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.

[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]

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).

[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 [). In addition, it is necessary to optimize the lightly doped regions 312
and 313 according to the perfoﬁnance of the TFT. After the impurity ion implantation
step, a thermal treatment was carried out to activate the impurity ions.

[0067]

Then, a 1 1 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 4 m 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.

[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 drain electrodes 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 206¢ and 206d.  The internal conducting lines 207c and the gate electrode 308 ;

were created by the same processing steps.

.21-

Exhibit 1002, page 158



[0072]

Subsequently, an organic resinous film was formed as a second interlayer
dielectric film 319 to a thickness of 1 to 2 4 m. Polyimide, polyamide, polyimidamide,
acrylic resin, or other material may be used as the material of the organic resinous film.
The 6rganjc resinous material acts to planarize the surface of the second interlayer
dielectﬁé 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 u 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 conducfing lines 318 were
formed in the openings 111 shown in Fig. 2A. That is, rectangular holes measuring 100
“m times 100 4 m 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 100 £ m from
each other. Moreover, contact holes for connectipg 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 £ m times.100 £ m to set
the diameter of the conducting spacers to 3.5 4 m in this example. This provides
sufficient space so that the conductive spacer loéated 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
assﬁres 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 formed to a thickness of 100 to 400 nm. In the present
cxample,Athe 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 form the pixel electrodes 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 temiﬁais 205 were also patterned. Thus, the TFT substrate was
completed (Fig. 5G). |

[0077]

Reférring 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 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.

[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 /4 m. In this example, the conducting spacers 401 had a diameter of
3.54m to set the cell gap to 3.4m. ~After applying the sealing material, it was
temporarily baked. -

[0081]
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Thereafter, vspacers 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 to the counter substrate 250. To set the cell gap to 3 1t m, spherical
spacérs 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 decreaéed to the diameter of the spacers 402. Under the pressed state, UV
light was directed at this assembl)" 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 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.

[0084]

In the present example, to set the cell gap to 3 &t m, the spacers 402 applied to
the pixel region had a diameter of 3 4 m. The diameter of the conducting spacers 401
was 3.5 4m. . 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
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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. '

[0086] ' A

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

~amethod 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
diélectric 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 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.

[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 substrafe.
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 anq for the conducting pad may be made of a transparent ITO
film or the like.

[0091]

In the exgmplc 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.

[0092]

[Example 2]

The present example is a modification of the common contact portions of
Example 1. Fig. 7 isa fragrneﬁtary 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 ahd 7.

FIG. 9 is an enlarged view of the common contact portion shown in Fig. 7.

[0093]

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.

[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 patterni'ng the metallization layer into conducting pads, or conducting

film, 501 at the common contact portions 254a to 254d. Importantly, the conducting
-26- ;
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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 péd 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 TFT 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 obseérved from the side of the counter substrate 250
after both substrates have been bonded together. In Example 2, however, the
connecting pad 501 consistingrof 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. E

[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 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 havé 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 TFT substrate.
At these ldcations, 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.c., 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 slightfy larger than each
contact holes makes it possible to visually check the conducting pad 602 on the second
interlayer dielectric filtm 319, which contributes to electrical connection.

©[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 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.

[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 structure for

electrically connecting conductors formed on one substrate with conducting conductors
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formed on the other opposite substrate via conducting épaccrs. For example, the novel
contact structure can connect ICs built on different silicon wafers.

[0104]

[Effect of the Invention]

The common contact structure in accordance with the present invention can
eliminate w}ariations of the cell gap axﬁong liquid-crystal cells even if the film thickness 4
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
uniform in size, the cell gap between opposite sﬁbstrates or plates can be made uniform
among different liquid-crystal cells, if the thickness of é dielectric film
electrically insulating the first and second oon‘ducting 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 to§ plan view of the TFT 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 illﬁstrating 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 fragméntary cross-sectional view of a pixel region and a common contact
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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. »
[Fig. 10]  An enlarged cross-sectional view of the common contact portion in
accordance with Example 3.
[Fig. 11} ‘ A top plan view of the common contact portion in accordance with
Ekample 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 pikel region and a common contact portion on
the TFT substrate.
[Fig. 14] A top plan view of the common contact portioh 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 TFT substréte
205 extractor terminal
206 common contact portion
207  internal conducting line
250 counter substrate |
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
-30-
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402 spacers
' 501,601 connecting pad
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[Document Name] Abstract
[Summaryj
[Problem]

A comrﬁon 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.

[Solving Means]

A first conducting film 103, a dielectric film 104, a 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 aﬁong cells. - |

[Selected Drawing] - Fig. 1
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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 forraed 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 dieleetric 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
waintain 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 6f 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 10 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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