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(57) ABSTRACT 

A method for producing a reflection-type liquid crystal 
display device includes the Steps of forming an ITO layer in 
the first substrate; patterning the ITO layer to form the top 
layer in the at least one of the terminal Sections; forming a 
first protective layer So as to cover the top layer; forming a 
metal layer mainly formed of aluminum So as to cover the 
first protective layer; and at least partially removing the 
metal layer and the first protective layer to form a reflective 
Section from the metal layer and expose only the flat area of 
the top Surface of the top layer in the at least one of the 
terminal Sections. Before the Step of forming the first pro 
tective layer, only the flat area of the top Surface of the layer 
is exposed in at least one of the terminal Sections So as to 
allow the first protective layer to contact the top layer along 
only the flat area. 

13 Claims, 20 Drawing Sheets 
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REFLECTION-TYPE LIQUID CRYSTAL 
DISPLAY DEVICE, METHOD FOR 

PRODUCING THE SAME, AND METHOD 
FOR PRODUCING CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a reflection-type liquid 
crystal display device in wide use as a display device in, for 
example, personal computers, mobile computer terminals, 
AV equipment, and car navigation devices, and a method for 
producing the same, and further to a method for producing 
a circuit board. In this Specification, a liquid crystal display 
device is referred to as an “LCD device'. 

2. Description of the Related Art 
Conventionally, an LCD device of a transmission-type 

including a backlight for Supplying from a rear part thereof 
is the mainstream device. Recently, a reflection-type LCD 
device utilizing ambient light has been actively developed in 
order to fulfil the demands of lower power consumption, 
reduced weight and reduced thickness. 
A reflection-type LCD device including a reflective plate 

outside the glass Substrate results in blurred imageS. In order 
to solve this problem, most reflection-type LCD devices 
include a reflective plate inside the glass Substrate So as to 
be in contact with the liquid crystal layer. 
A reflection-type device has a terminal Section for con 

nection of ICs or a circuit board for driving the LCD panel 
and a terminal Section for examining the LCD panel. 
A Structure of a conventional terminal Section is disclosed 

by, for example, Japanese Laid-Open Publication No. 
7-325295. FIG. 14A shows another conventional terminal 
Section having a multiple-layer Structure with Steps, which is 
common today Since more and more LCD devices are 
produced by a dry process, especially for film formation, in 
order to improve the precision. In order to produce conven 
tional LCD devices which do not require high precision, a 
gate insulating layer is allowed to be formed at a prescribed 
position by a wet process. Therefore, an interlayer insulating 
layer does not exist in the terminal Section. In contrast, in the 
case of a dry process, an interlayer insulating layer is formed 
Substantially entirely on a base plate and thus the terminal 
Section has a multiple-layer Structure with the Steps. 

With reference to FIG. 14A, a conventional terminal 
Section for connecting a gate signal line and a gate driving 
IC to each other will be described. The terminal section 
includes an insulating plate 120, a gate Signal line 122 
provided on the insulating plate 120, and the gate insulating 
layer 124 provided Substantially entirely on the glass plate 
120. The insulating layer 124 is formed by a dry process. 
The gate insulating layer 124 acts as an interlayer insulating 
layer between the gate Signal line 122 and the Source Signal 
line (not shown). The terminal section further includes a 
conductive layer 126 provided on the gate Signal line 122 So 
as to overlap an end of the gate insulating layer 124. The 
conductive layer 126 is formed of an identical material as 
that of the Source Signal line and is disconnected from the 
Source signal line. An ITO layer 128 is provided on the 
conductive layer 126. AS Shown here, the conventional 
terminal Section has a multiple-layer Structure with StepS and 
the ITO layer 128 is provided at the top. 
When Such a conventional terminal Section is applied to 

a reflection-type LCD device, the following problem occurs. 
A reflective layer (not shown) which is formed of Al and is 
equivalent to the reflective plate (acting also as a pixel 
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2 
electrode) is provided in the terminal Section in addition to 
a display area (not shown). When the reflective layer is 
patterned to a prescribed shape, the ITO layer 128 in the 
terminal Section is at least partially removed together with 
the reflective layer, causing many inconveniences. 

In order to Solve these inconveniences, as shown in FIG. 
14B, an insulating resin layer 130 is provided on the ITO 
layer 128 so as to avoid direct contact between the ITO layer 
128 and the reflective layer 132 (FIG. 14C) which is to be 
provided on the insulating resin layer 130 as shown in FIG. 
14C. Even by such a structure, since the ITO layer 128 has 
an uneven surface, a part of the ITO layer 128 is not covered 
by the insulating resin layer 130 and is in direct contact with 
the reflective layer 132. 
When the reflective layer 132 is removed, electrolytic 

corrosion at least partially removes the ITO layer 128, which 
Significantly reduces the production yield. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, a method for 
producing a reflection-type liquid crystal display device, 
including a first Substrate; a Second Substrate; and a display 
medium layer interposed between the first Substrate and the 
Second Substrate is provided. The first Substrate includes a 
first electrode for applying a Voltage to the display medium 
layer. The Second Substrate includes a Second electrode for 
applying a Voltage to the display medium layer. The first 
Substrate includes a light reflective Section in the vicinity of 
the display medium layer for reflecting light which is 
incident on the reflection-type liquid crystal display device 
through the Second Substrate, and includes a plurality of 
terminal Sections for Supplying a voltage to the first elec 
trode and the Second electrode. At least one of the plurality 
of terminal sections has a top layer formed of ITO, only a flat 
area of a top Surface of the top layer being exposed. The 
method includes the steps of forming an ITO layer in the first 
substrate; patterning the ITO layer to form the top layer in 
the at least one of the terminal Sections, forming a first 
protective layer So as to cover the top layer; forming a metal 
layer mainly formed of aluminum So as to cover the first 
protective layer; and at least partially removing the metal 
layer and the first protective layer to form a reflective Section 
from the metal layer and expose only the flat area of the top 
Surface of the top layer in the at least one of the terminal 
Sections. Before the Step of forming the first protective layer, 
only the flat area of the top Surface of the layer is exposed 
in at least one of the terminal Sections So as to allow the first 
protective layer to contact the top layer along only the flat 
aca. 

According to another aspect of the invention, a method for 
producing a reflection-type liquid crystal display device, 
including a first Substrate; a Second Substrate; and a display 
medium layer interposed between the first Substrate and the 
Second Substrate is provided. The first Substrate includes a 
plurality of reflection pixel electrodes for applying a Voltage 
to the display medium layer. The Second Substrate includes 
a counter electrode located opposed to the plurality of 
reflection pixel electrodes. The first Substrate includes an 
insulating plate, and also includes, above a Surface of the 
insulating plate opposed to the display medium layer, a 
plurality of thin film transistorS respectively connected to the 
plurality of reflection pixel electrodes, a plurality of gate 
Signal lines and a plurality of Source Signal lines connected 
to respective thin film transistors, a gate terminal Section for 
Supplying a Scanning Signal to the gate signal lines, a Source 
terminal Section for Supplying a display Signal to the Source 
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Signal lines, and a common transfer terminal Section for 
Supplying a common Signal to the counter electrode. The 
thin film transistors each include a gate electrode connected 
to the respective gate Signal line, a Source electrode con 
nected to the respective Source Signal line, and a drain 
electrode connected to the respective reflection pixel elec 
trode. At least one of the gate terminal Section, the Source 
terminal Section and the common transfer terminal Section 
includes a top layer formed of ITO, only a flat area of a top 
Surface of the top layer being eXposed. The method includes 
the Steps of forming a first conductive layer on the insulating 
plate; patterning the first conductive layer to form the gate 
Signal lines and the gate electrodes, forming a gate insulat 
ing layer Substantially entirely on the insulating plate So as 
to cover at least the gate Signal lines and the gate electrodes, 
forming an ITO layer above the insulating plate; patterning 
the ITO layer to form the top layer in the at least one of the 
terminal Sections, forming a first protective layer So as to 
cover the top layer; forming a metal layer mainly formed of 
aluminum So as to cover the first protective layer; and at 
least partially removing the metal layer and the first protec 
tive layer to form the reflection pixel electrodes from the 
metal layer and expose only the flat area of the top Surface 
of the top layer in the at least one of the terminal Sections. 
Before the step of forming the first protective layer, only the 
flat area of the top Surface of the layer is exposed in at least 
one of the terminal Sections So as to allow the first protective 
layer to contact the top layer along only the flat area. 

According to Still another aspect of the invention, a 
method for producing a reflection-type liquid crystal display 
device, including a first Substrate; a Second Substrate; and a 
display medium layer interposed between the first Substrate 
and the Second Substrate is provided. The first Substrate 
includes a plurality of reflection pixel electrodes for apply 
ing a Voltage to the display medium layer. The Second 
Substrate includes a counter electrode located opposed to the 
plurality of reflection pixel electrodes. The first substrate 
includes an insulating plate, and also includes, above a 
Surface of the insulating plate opposed to the display 
medium layer, a plurality of thin film transistorS respectively 
connected to the plurality of reflection pixel electrodes, a 
plurality of gate Signal lines and a plurality of Source Signal 
lines connected to respective thin film transistors, a gate 
terminal Section for Supplying a Scanning Signal to the gate 
Signal lines, a Source terminal Section for Supplying a display 
Signal to the Source Signal lines, and a common transfer 
terminal Section for Supplying a common Signal to the 
counter electrode. The thin film transistors each include a 
gate electrode connected to the respective gate Signal line, a 
Source electrode connected to the respective Source Signal 
line, and a drain electrode connected to the respective 
reflection pixel electrode. At least one of the gate terminal 
Section, the Source terminal Section and the common transfer 
terminal Section includes a top layer formed of ITO, only a 
flat area of a top Surface of the top layer being eXposed. The 
method include the Steps of forming a first conductive layer 
on the insulating plate; patterning the first conductive layer 
to form the gate signal lines and the gate electrodes; forming 
a gate insulating layer Substantially entirely on the insulating 
plate So as to cover at least the gate Signal lines and the gate 
electrodes; forming an opening through the gate insulating 
layer in at least one of the terminal Sections, forming an ITO 
layer above the insulating plate; patterning the ITO layer to 
form the top layer in the at least one of the terminal Sections, 
forming a first protective layer So as to cover the top layer; 
forming a metal layer mainly formed of aluminum So as to 
cover the first protective layer; and at least partially remov 
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4 
ing the metal layer and the first protective layer to form the 
reflection pixel electrodes from the metal layer and expose 
only the flat area of the top Surface of the top layer in the at 
least one of the terminal Sections. Before the Step of forming 
the first protective layer, only the flat area of the top Surface 
of the layer is exposed in at least one of the terminal Sections 
So as to allow the first protective layer to contact the top 
layer along only the flat area. The top layer is formed in the 
opening. 

In one embodiment of the invention, the top layer has a 
Stepped peripheral portion, and the method further includes 
the Step of forming a Second protective layer So as to cover 
the Stepped peripheral portion and expose only the flat area 
of the top Surface of the top layer before the Step of forming 
the first protective layer. 

In one embodiment of the invention, the Step of forming 
the top layer includes the Step of forming the top layer on the 
gate insulating layer, and the top layer is electrically con 
nected to the gate Signal lines through a through-hole formed 
in an area other than the at least one of the terminal Sections. 

According to Still another aspect of the invention, a 
method for producing a circuit board, including an insulat 
ing plate and a terminal Section formed on the base plate, the 
terminal Section including a top layer formed of ITO, only 
a flat area of a top Surface of the top layer being exposed is 
provided. The method includes the steps of forming an ITO 
layer above the insulating plate; patterning the ITO layer to 
form the top layer in the terminal Section; forming a first 
protective layer So as to cover the top layer; forming a metal 
layer mainly formed of aluminum So as to cover the first 
protective layer; and at least partially removing the metal 
layer and the first protective layer to expose only the flat area 
of the top Surface of the top layer in the terminal Section. 
Before the step of forming the first protective layer, only the 
flat area of the top Surface of the layer is exposed in the 
terminal Section So as to allow the first protective layer to 
contact the top layer along only the flat area. 

According to Still another aspect of the invention, a 
reflection-type liquid crystal display device includes a first 
Substrate; a Second Substrate; and a display medium layer 
interposed between the first Substrate and the Second Sub 
strate. The first Substrate includes a plurality of reflection 
pixel electrodes for applying a Voltage to the display 
medium layer. The Second Substrate includes a counter 
electrode located opposed to the plurality of reflection pixel 
electrodes. The first Substrate includes an insulating plate; 
and also includes, above a Surface of the insulating plate 
opposed to the display medium layer, an ITO layer; a first 
protective layer, a plurality of thin film transistors formed of 
a metal layer mainly containing aluminum and provided on 
the first protective layer, the thin film transistors being 
connected to the plurality of reflection pixel electrodes, gate 
Signal lines and Source Signal lines connected to the thin film 
transistors, a gate terminal Section for Supplying a Scanning 
Signal to the gate Signal lines, a Source terminal Section for 
Supplying a display Signal to the Source Signal lines, and a 
common transfer terminal Section for Supplying a common 
Signal to the counter electrode. At least one of the gate 
terminal Section, the Source terminal Section and the com 
mon transfer terminal Section includes a top layer formed of 
ITO, only a flat area of a top Surface of the top layer being 
exposed. The first Substrate further includes a gate insulating 
layer for covering at least the gate Signal lines and gate 
electrodes. The gate insulating layer has an opening in the at 
least one of the terminal Sections. The top layer is provided 
in the opening. 

In one embodiment of the invention, the top layer has a 
Stepped peripheral portion, and the reflection-type liquid 
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crystal display device further includes a Second protective 
layer for covering the Stepped peripheral portion and expos 
ing only the flat area of the top Surface of the top layer. 

In one embodiment of the invention, the reflection-type 
liquid crystal display device further includes another con 
ductive layer formed of an identical material as that of the 
Source Signal lines, the top layer being provided on the 
another conductive layer. 

In one embodiment of the invention, the top layer is 
provided inside the gate insulating layer So that an outer 
periphery of the top layer is distanced from an inner periph 
ery of the gate insulating layer by more than Zero and about 
2 um or less. 

According to Still another aspect of the invention, a 
reflection-type liquid crystal display device includes a first 
Substrate; a Second Substrate; and a display medium layer 
interposed between the first Substrate and the Second Sub 
strate. The first Substrate includes a plurality of reflection 
pixel electrodes for applying a Voltage to the display 
medium layer. The Second Substrate includes a counter 
electrode located opposed to the plurality of reflection pixel 
electrodes. The first Substrate includes an insulating plate; 
and also includes, above a Surface of the insulating plate 
opposed to the display medium layer, an ITO layer; a first 
protective layer, a plurality of thin film transistors formed of 
a metal layer mainly containing aluminum and provided on 
the first protective layer, the thin film transistors being 
connected to the plurality of reflection pixel electrodes, gate 
Signal lines and Source Signal lines connected to the thin film 
transistors, a gate terminal Section for Supplying a Scanning 
Signal to the gate Signal lines, a Source terminal Section for 
Supplying a display Signal to the Source signal lines, and a 
common transfer terminal Section for Supplying a common 
Signal to the counter electrode. At least one of the gate 
terminal Section, the Source terminal Section and the com 
mon transfer terminal Section includes a top layer formed of 
ITO, only a flat area of a top Surface of the top layer being 
exposed. The first Substrate further includes a gate insulating 
layer for covering at least the gate Signal lines and gate 
electrodes. The top layer is provided on the gate insulating 
layer and is connected to the gate signal lines through a 
through-hole formed in an area other than the at least one of 
the terminal Sections. 

According to the present invention, a circuit board has a 
top layer formed of ITO. Only a flat area of a top surface of 
the top layer is exposed before the formation of the first 
protective layer, So that the first protective layer contacts the 
top layer along only the flat area. After the first protective 
layer is formed, a metal layer is formed So as to cover the 
first protective layer. Then, the first protective layer and the 
metal layer are removed at least partially, thereby exposing 
the only flat area of the top Surface of the top layer. Thus, 
removal of the ITO layer due to electrolytic corrosion is 
prevented. 

In the case where the top layer of the terminal Section is 
provided on an insulating layer (for example, a gate insu 
lating layer) and connected to the signal line (e.g., gate 
Signal line) below the insulating layer through the through 
hole formed in the insulating layer, the top layer is easily 
connected to the terminal electrode in the circuit board. The 
freedom of design is improved regarding the positional 
relationship between the lines and the terminal Sections. 

The top layer formed of ITO can have a stepped periph 
eral portion and a Second protective layer for covering the 
Stepped peripheral portion and exposing only a flat area of 
the top layer can be formed before the first protective layer 
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6 
is formed. In Such a case, the Second protective layer 
protects the top layer and the Signal lines formed in the 
peripheral area of the Second conductive layer, and the first 
protective layer contacts the top layer along only the 
exposed flat area. Accordingly, when the metal layer and the 
first protective layer are at least partially removed, removal 
of the ITO due to the electrolytic corrosion is prevented. 

In the case where the Second conductive layer is provided 
above the first conductive layer with the gate insulating layer 
being interposed therebetween, the Second conductive layer 
is patterned to be Source Signal lines and the Source 
electrodes, and the top layer of at least one of the terminal 
Sections is formed on the Second conductive layer, electric 
connection is improved to Secure Signal Supply. 

In an active matrix reflection-type liquid crystal display 
device including reflective Sections (reflection pixel 
electrodes) formed of a metal layer mainly containing alu 
minum and thin film transistors according to the present 
invention, the gate terminal Section, the Source terminal 
Section and the common transfer terminal Section are formed 
by the Same Step of forming the thin film transistors, the 
reflective Sections and the Signal lines. Thus, the terminal 
Sections having the above-described features are formed 
without Significantly increasing the number of production 
Steps. The Structure of the terminal Sections is varied in 
accordance with the Structures of the thin film transistors, the 
reflective Sections and the Signal lines and the production 
method. 

Thus, the invention described herein makes possible the 
advantage of providing a reflection-type LCD device for 
preventing disadvantages caused by removal of an ITO layer 
included in a terminal Section and a method for producing 
the same, and a method for producing a circuit board. 

This and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a reflection-type LCD device 
according to the present invention; 

FIGS. 2A through 2H are cross-sectional views illustrat 
ing a method for producing the reflection-type LCD device 
shown in FIG. 1; 

FIG. 3A through 3F are cross-sectional views illustrating 
a method for producing another reflection-type LCD device 
according to the present invention; 

FIGS. 4A and 4B are cross-sectional views of a reflection 
type LCD device in a first example according to the present 
invention; 

FIG. 5 is a plan view of a gate terminal section of the 
reflection-type LCD device shown in FIG. 4; 

FIG. 6 is a croSS-Sectional view of the gate terminal 
Section shown in FIG. 5; 

FIGS. 7A through 7F are cross-sectional views illustrating 
a method for producing the reflection-type LCD device 
shown in the first example, 

FIG. 8 is a cross-sectional view of a terminal section 
having an alternative Structure according to the present 
invention; 

FIG. 9 is a cross-sectional view of a reflection-type LCD 
device in a Second example according to the present inven 
tion; 

FIG. 10 is a plan view of a common transfer terminal 
Section shown in FIG. 9; 
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FIG. 11 is a cross-sectional view of the common transfer 
terminal section shown in FIG. 10; 

FIGS. 12A through 12F are cross-sectional view of ter 
minal Sections having alternative Structures according to the 
present invention; 

FIGS. 13A through 13E are cross-sectional view of ter 
minal Sections having alternative Structures according to the 
present invention; 

FIGS. 14A through 14C are cross-sectional view illus 
trating a method for producing a conventional reflection 
type LCD device; 

FIG. 15A is a cross-sectional view of a reflection and 
transmission LCD device to which the present invention is 
applicable; and 

FIG. 15B is a plan view of the reflection and transmission 
LCD device shown in FIG. 15A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention will be described by 
way of illustrative examples with reference to drawings. 

FIG. 1 is a plan view of a reflection-type LCD device 100 
according to the present invention in the State before driving 
ICS and a driving circuit board are provided. 
The reflection-type LCD device 100 includes a first 

Substrate including a first insulating plate 20 (also referred to 
as a “base plate' or “active matrix plate”), a second Substrate 
including a second insulating plate 25 (also referred to as a 
“counter plate”), and a display medium layer (not shown) 
interposed between the first and Second insulating plates 20 
and 25. Two-dimensionally, the first insulating plate 20 is 
larger than the Second insulating plate 25. The first Substrate 
includes a plurality of pixel electrodes (not shown) provided 
above the first insulating plate 20, and the Second Substrate 
includes a single counter electrode (not shown) facing the 
pixel electrodes and provided on the Second insulating plate 
25. 

Although not shown in FIG. 1, the first substrate includes 
the following Structure provided between the first insulating 
plate 20 and the display medium layer. A plurality of gate 
Signal lines and a plurality of Source Signal lines croSS each 
other. A thin film transistor (hereinafter, referred to as a 
“TFT) is provided at each intersection of gate signal lines 
and Source Signal lines. Each TFT includes a gate electrode, 
a source electrode and a drain electrode. The TFTs respec 
tively correspond to the plurality of pixel electrodes men 
tioned above. The drain electrode of each TFT is electrically 
connected to the respective pixel electrode. The gate elec 
trode of each TFT is connected to the respective gate Signal 
line, and the Source electrode of each TFT is connected to 
the respective Source Signal line. 

The first insulating plate 20 has a peripheral area 95 which 
is not covered by the second insulating plate 25. Provided on 
the peripheral area 95 are, for example, a gate terminal 
Section 202 for Supplying a Scanning Signal to the gate Signal 
lines, a Source terminal Section 204 for Supplying a display 
Signal to the Source Signal lines, and a circuit board terminal 
Section 206 which is electrically connected to gate Signal 
lines and the Source Signal lines connected to the gate 
terminal section 202 and the Source terminal section 204 and 
which are also connected to a driving circuit board (not 
shown), and a common transfer terminal section 208 for 
Supplying a common Signal to the counter electrode. 
An area where the counter electrode faces the plurality of 

pixel electrode Substantially forms a display area 11. 
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8 
In examples according to the present invention described 

below, the terminal Sections 202, 204, 206 and 208 each 
have a top layer formed of ITO, and only a flat area of the 
top layer is exposed. In order to obtain the advantage of the 
present invention, it is Sufficient that at least one of the 
terminal sections 202, 204, 206 and 208 has a top layer 
formed of ITO, only a flat area of which is exposed. In the 
case where the top layer formed of ITO has a stepped top 
Surface, the Steps are covered by a protective layer So as to 
expose only the flat area. In the case where the top layer 
formed of ITO has a flat top surface, the entire top layer 
including the top Surface and Side Surfaces can be exposed. 
A method for producing the reflection-type LCD device 

100 will be described with reference to FIGS. 2A through 
2H. FIGS. 2A through 2H show only the terminal section. 
The structure of the terminal section shown in FIGS. 2A 
through 2H can be common to the terminal sections 202, 
204, 206 and 208. 

First, as shown in FIG. 2A, a first conductive layer is 
formed on the first insulating plate 20 and patterned to form 
a gate signal line and a gate electrode connected thereto (not 
shown). This patterning also forms a first terminal electrode 
layer 22 (the conductive layer closest to the first insulating 
plate 20 among all the conductive layers included in the 
terminal section; FIG. 1). The first terminal electrode layer 
22 can be formed to be a part of the gate terminal Section 
202, in which case the first terminal electrode layer 22 is 
continuous from the gate signal lines and the gate electrodes. 
The first conductive layer can also be patterned to be another 
first terminal electrode layer as a part of another terminal 
Section (i.e., the Source terminal Section 204, the circuit 
board terminal section 206 or the common transfer terminal 
section 208; FIG. 1), in which case the first conductive layer 
is electrically disconnected to the gate signal lines. The first 
conductive layer can also be used as a light blocking layer 
for protecting the terminal sections 202, 204, 206 and 208 
and the ICs connected to the terminal sections 202,204, 206 
and 208 against light. 

Then, as shown in FIG. 2B, an insulating layer is formed 
on the first insulating plate 20 So as to cover the gate Signal 
lines, gate electrodes and the first terminal electrode layer 22 
and patterned by dry etching, thereby forming the gate 
insulating layer 24. Thereafter, in the display area 11 (FIG. 
1), TFTs are formed by deposition, patterning and impurity 
implantation of a Semiconductor layer of amorphous Silicon. 
As shown in FIG. 2C, an ITO layer is formed on the gate 

insulating layer 24 and patterned, thereby forming a top 
terminal electrode layer 28. The top terminal electrode layer 
28 has a flat top surface. At this point, the ITO layer can be 
used also to form Source electrodes and Source Signal lines. 
A second conductive layer (not shown) of titanium (Tl) can 
be formed between the first terminal electrode layer 22 and 
the top terminal electrode layer 28. 
As shown in FIG. 2D, a first protective layer 30 of a 

photosensitive resin is formed Substantially entirely on the 
first insulating plate 20 So as to cover the gate insulating 
layer 24 and the top terminal electrode layer 28. Then, as 
shown in FIG.2E, a metal layer 32 mainly of aluminum (Al) 
is formed Substantially entirely on the first insulating plate 
20 So as to cover the gate insulating layer 24, the top 
terminal electrode layer 28 and the first protective layer 30. 
The metal layer 32 is provided for forming reflective sec 
tions (typically, reflective pixel electrodes) for reflecting 
light incident on the LCD device 100. The first protective 
layer 30 is provided for forming protrusions and depressions 
in the reflective Sections in order to optimize the reflection 
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characteristics of the Surface of the reflective Sections in the 
display area 11. 

Then, the metal layer 32 and the first protective layer 30 
are at least partially removed. As a result, the metal layer 32 
is formed into the reflective pixel electrodes in the display 
area (not shown). As shown in FIG. 2F, the top terminal 
electrode layer 28 is exposed in the terminal Section. The top 
surface of the top terminal electrode layer 28 is flat. Elec 
trical connection between the top terminal electrode layer 28 
and the first terminal electrode layer 22 (and optionally the 
Second terminal electrode layer, not shown) can be per 
formed in an area other than the terminal Section. 

For example, as shown in FIG. 2G, the top terminal 
electrode layer 28 and the first terminal electrode layer 22 
can be connected to each other through a through-hole 24a 
in the gate insulating layer 24. 

In the case where, as shown in FIG.2H, a bump electrode 
19 of the driving circuit board 21 is connected to the first 
terminal electrode layer 22 by an anisotropic conductive film 
(ACF) 80 in a reflection-type LCD device including the gate 
insulating layer 24 having an opening 8, when the thickneSS 
of the gate insulating layer 24 (e.g., about 300 nm) is greater 
than the thickness of the top terminal electrode layer 28 
(e.g., about 70 nm), conductive particles 80a of the aniso 
tropic conductive film 80 are not in sufficient contact with 
the bump electrode 19. Accordingly, insufficient electrical 
contact may undesirably occur between the bump electrode 
19 and the first terminal electrode layer 22. 

However, in the case where, as shown in FIG.2G, the gate 
insulating layer 24 has the through-hole 24a and a protective 
layer 50 has an opening 50a, the top terminal electrode layer 
28 is connected to the first terminal electrode layer 22 
through the through-hole 24a, and the top terminal electrode 
layer 28 is connected to the driving circuit board 21 (FIG. 
2H) through the opening 50a. In this case, the protective 
layer 50 preferably has a thickness of about 100 nm. The 
protective layer 50 can be eliminated. The thickness of the 
protective layer 50 is preferably about 700 nm or less. 

Under certain conditions, it is preferable that the gate 
insulating layer 24 does not have a through-hole in the 
source terminal section 204 (FIG. 1). For example, in the 
case where the first conductive layer 22 (as well as the gate 
electrodes and the gate Signal lines) is formed of an anod 
izable metal (e.g., Ta), the gate insulating layer 24 can 
include an insulating layer obtained by anodizing the first 
conductive layer 22 and an insulating layer formed thereon 
(e.g., Silicon nitride) in order to obtain a high density. When 
the gate insulating layer 24 includes Such an anodized layer, 
the Structure of the gate insulating layer of the Source 
terminal section 204 is different from the structure of the 
gate insulating layer in the gate terminal Section 202. Since 
the first conductive layer 22 of the gate terminal section 202 
is electrically connected to the gate electrodes and the gate 
Signal lines, the first conductive layer 22 is anodized in the 
Same Step as the gate electrodes and the gate Signal lines. AS 
a result, the gate insulating layer 24 includes Such an 
anodized layer. In contrast, the first conductive layer of the 
Source terminal Section, which is provided in an island 
disconnected from the gate electrodes and the gate lines, is 
not anodized. Accordingly, the gate insulating layer 24 in an 
area included in the Source terminal Section 204 does not 
include an anodized layer. AS described above, under certain 
conditions, the gate insulating layer 24 in which through 
holes need to be formed has different Structures in an area 
included in the gate terminal Section 202 from an area 
included in the source terminal section 204. When dry 
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10 
etching is used for forming the through-holes, it is Some 
times difficult to optimize the dry etching conditions for 
these different areas of the insulating layer 24. Dry etching 
conditions which are optimum to one of the areas may not 
be optimum for the other. As a result, Satisfactory through 
holes are not formed, or the formation of the through-holes 
damages the first conductive layer 22, which forms the 
bottom of the through-holes. In order to solve this problem, 
it is preferable that through-holes are formed only in the area 
of the gate insulating layer 24 included in the gate terminal 
Section 202 and not in the area included in the Source 
terminal section 204. 

Under certain conditions, as shown in FIGS. 4A and 4B 
described below, through-holes can be formed in the gate 
insulating layer 24 both in the areas included in the gate 
terminal section 202 and the Source terminal section 204. 
Such a structure is realized by, for example, forming a gate 
insulating layer of the same Structure in the gate and Source 
terminal sections 202 and 204 or by optimizing the dry 
etching conditions for these different areas of the insulating 
layer 24. 
A method for producing another reflection-type LCD 

device according to the present invention will be described 
with reference to FIGS. 3A through 3F. Elements which are 
identical with those described with reference to FIGS. 1 
through 2H bear identical reference numerals and detailed 
descriptions thereof will be omitted. In this reflection-type 
LCD device, the gate insulating layer 24 has an opening. 
FIGS. 3A through 3F show only the terminal section. 
As shown in FIG.3A, the first terminal electrode layer 22 

is formed on the first insulating plate 20. 
Then, as shown in FIG. 3B, the gate insulating layer 24 is 

formed substantially entirely on the first insulating plate 20 
So as to cover the first terminal electrode layer 22. The gate 
insulating layer 24 is patterned to form an opening 8. 
As shown in FIG. 3C, a top terminal electrode layer 28 is 

formed of ITO in the opening 8 on the first terminal 
electrode layer 22 by patterning. The top terminal electrode 
layer 28 has a flat top surface. 
As shown in FIG. 3D, a first protective layer 30 is formed 

on the gate insulating layer 24 So as to cover the top terminal 
electrode layer 28. Then, as shown in FIG.3E, a metal layer 
32 is formed on the first protective layer 30. A surface of the 
first protective layer 30 is formed to have protrusions and 
depressions So that a Surface of the reflective Sections (or 
reflective pixel electrodes) has protrusions and depressions 
in the display area (not shown). 

Then, as shown in FIG.3F, the metal layer 32 and the first 
protective layer 30 are at least partially removed. As a result, 
the metal layer 32 is formed into the reflective pixel elec 
trodes in the display area. The top terminal electrode layer 
28 of at least one terminal Section is exposed. 

According to the present invention, before the first pro 
tective layer 30 is formed, only a flat area of the top surface 
of the top terminal electrode layer 28 is exposed so that only 
the flat top surface of the top terminal electrode layer 28 is 
in contact with the first protective layer 30. The top terminal 
electrode layer 28 can be connected to the first terminal 
electrode layer 22 (and optionally the Second terminal 
electrode layer, not shown) by various methods. An appro 
priate method can be Selected in accordance with the use of 
the terminal section. Specific methods will be described in 
the following examples. 

In accordance with the production methods described 
above, direct contact of the metal layer 32 and the top 
terminal electrode layer 28 is avoided. As a result, when the 
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metal layer 32 and the first protective layer 30 are at least 
partially removed, removal of the top terminal electrode 
layer 28 due to electrolytic corrosion is prevented. 

Hereinafter, Specific examples according to the present 
invention will be described. 

EXAMPLE 1. 

A reflection-type LCD device in a first example according 
to the present invention has Substantially the same Structure 
as that of the reflection-type LCD device 100 shown in FIG. 
1. For convenience, the reflection-type LCD device in this 
example is described with reference numeral 100 and with 
reference to FIG. 1. 
As shown in FIG. 1, the reflection-type LCD device 100 

includes a first insulating plate 20 (also referred to as an 
“active matrix plate”), a Second insulating plate 25 (also 
referred to as a “counter plate'), and a display medium layer 
(not shown) interposed between the first and Second insu 
lating plates 20 and 25. Two-dimensionally, the first insu 
lating plate 20 is larger than the Second insulating plate 25. 
The first plate 20 has a plurality of pixel electrodes (not 
shown) provided thereon, and the Second insulating plate 25 
has a single counter electrode (not shown) facing the pixel 
electrodes. 

Although not shown in FIG. 1, the following structure is 
provided between the first insulating plate 20 and the display 
medium layer. A plurality of gate Signal lines and a plurality 
of Source signal lines croSS each other. ATFT is provided at 
each interSection of gate Signal lines and Source Signal lines. 
Each TFT includes a gate electrode, a Source electrode and 
a drain electrode. The TFTs respectively correspond to the 
plurality of pixel electrodes mentioned above. Each of the 
pixel electrodes corresponds to the metal layer 32 shown in 
FIGS. 2E and 3E. The drain electrode of each TFT is 
electrically connected to the respective pixel electrode. The 
gate electrode of each TFT is connected to the respective 
gate Signal line, and the Source electrode of each TFT is 
connected to the respective Source Signal line. 

The first insulating plate 20 has a peripheral area 95 which 
is not covered by the second insulating plate 25. Provided on 
the peripheral area 95 are, for example, a gate terminal 
Section 202 for Supplying a Scanning Signal to the gate Signal 
lines, a Source terminal Section 204 for Supplying a display 
Signal to the Source Signal lines, a circuit board terminal 
Section 206, and a common transfer terminal Section 208 for 
Supplying a common Signal to the counter electrode. 

FIG. 4A is a cross-sectional view of the reflection-type 
LCD device 100, specifically in the gate terminal section 
202, the circuit board terminal section 206 and the vicinity 
thereof. FIG. 4B is a cross-sectional view of the reflection 
type LCD device 100, specifically in the source terminal 
Section 204, the circuit board terminal section 206 and the 
vicinity thereof. FIG. 5 is a plan view of the gate terminal 
section 202, and FIG. 6 is a cross-sectional view of the gate 
terminal section 202 shown in FIG. 5. FIGS. 4A and 4B are 
croSS-Sectional views Seen in the direction of arrow A in 
FIG. 5. In FIG. 5, reference numerals 22A, 24A and 26A 
respectively represent edges of a first terminal electrode 
layer 22 continued from the gate Signal lines, a gate insu 
lating layer 24 and a Second terminal electrode layer 26. 
Since all the conductive layers including lines are covered 
by the gate insulating layer 24 except for the terminal 
sections on the peripheral area 95 (FIGS. 4A and 4B), there 
is no problem of corrosion and thus the reliability of the 
reflection-type LCD device 100 is improved. 
As shown in FIG. 4A, the gate terminal section 202 

includes a first terminal electrode layer 22 formed on the first 
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insulating plate 20, a gate insulating layer 24 provided on the 
first insulating plate 20 So as to cover at least the gate 
electrodes and the gate Signal lines, a conductive layer 26 
(i.e., a second terminal electrode layer) provided on the first 
terminal electrode layer 22 So as to cover ends of the gate 
insulating layer 24, and a top terminal electrode layer 28 of 
ITO provided on the second terminal electrode layer 26. The 
Second terminal electrode layer 26 is formed of the same 
material as that of the Source Signal lines, and the top 
terminal electrode layer 28 has a flat top Surface, which is 
exposed. The gate insulating layer 24 has openingS 8. The 
conductive layer 26 and the top terminal electrode layer 28 
are provided in each opening 8. 
As described above, the first terminal electrode layer 22 

is continued from the gate Signal lines in the gate terminal 
section 202. The second terminal electrode layer 26 is 
formed of the same material as the Source Signal lines (e.g., 
Ti) but is formed as an island disconnected from the Source 
Signal lines. 
The gate terminal Section 202, the Source terminal Section 

204 and the circuit board terminal section 206 each has a 
three-layer Structure including the first terminal electrode 
layer 22, the Second terminal electrode layer 26 and the top 
terminal electrode layer 28. The second terminal electrode 
layer 26 is provided for improving the electric connectability 
to Secure the Signal Supply through the terminal Section 202, 
204, 206 compared to the structure in which the top terminal 
electrode layer 28 is provided directly on the first terminal 
electrode layer 22. However, the three-layer Structure is not 
absolutely necessary. A two-layer Structure including the top 
terminal electrode layer 28 and one of the first terminal 
electrode layer 22 and the Second terminal electrode layer 26 
can be used. 
As shown in FIG. 4B, the Source terminal section 204 has 

a similar Structure as that of the gate terminal Section 202. 
In this example, the first terminal electrode layer 22 acts as 
the Source Signal line in the Source terminal Section 204. The 
Second terminal electrode layer 26 is electrically connected 
to the first terminal electrode layer 22 through the openings 
8 in the gate insulating layer 24. 
As shown in FIGS. 4A and 4B, the circuit board terminal 

Section 206 has a Similar Structure as those of the gate 
terminal section 202 and the Source terminal Section 204. In 
the vicinity of the circuit board terminal section 206, the 
lines are formed of the first conductive layer and the first 
conductive layer of the circuit board terminal section 206 
acts as the first terminal electrode layer 22. The Second 
terminal electrode layer 26 is electrically connected to the 
first terminal electrode layer 22 through the openingS 8 in the 
gate insulating layer 24. 
AS described above, the gate terminal Section 202, the 

Source terminal section 204 and the circuit board terminal 
section 206 have similar structures although the terminal 
electrode layerS have different functions in accordance with 
the uses. 

Next, a method for producing the reflection-type LCD 
device 100 will be described with reference to FIGS. 7A 
through 7F. FIGS. 7A through 7F show only the terminal 
Section. The structure of the terminal section shown in FIGS. 
7A through 7E can be common to the terminal sections 202, 
204, 206 and 208. Although the following description will 
be made regarding an active matrix reflection-type LCD 
device 100, the present invention is applicable to a simple 
matrix reflection-type LCD device. The present invention is 
also applicable to a method for producing a circuit board, by 
which an insulating layer is formed after the top terminal 
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electrode layer, a metal layer mainly of Al is formed on the 
insulating layer, and then the insulating layer and the metal 
layer are partially removed So as to expose at least a part of 
the top terminal electrode layer. 

First, as shown in FIG. 7A, a first conductive layer formed 
of, for example, Ta (thickness: about 300 nm) is formed on 
the first insulating plate 20 by Sputtering and patterned by 
photolithography, thereby forming the first terminal elec 
trode layer 22 as well as a gate Signal line and a gate 
electrode connected thereto (not shown). 

Then, as shown in FIG. 7B, an insulating layer formed of, 
for example, Silicon nitride is formed on the first insulating 
plate 20 So as to cover the gate Signal lines, gate electrodes 
and the first terminal electrode layer 22 by plasma CVD and 
patterned by dry etching, thereby forming the gate insulating 
layer 24. The gate insulating layer 24 is further patterned to 
form an opening 8. The opening 8 is formed So that the inner 
periphery of the gate insulating layer 24 is inside the outer 
end of the first terminal electrode layer 22 and that the gate 
insulating layer 24 Overlaps the ends of the first terminal 
electrode layer 22 by distance a=about 5um (FIGS. 5 and 
7B). Unless the gate insulating layer 24 overlaps the ends of 
the first terminal electrode layer 22, the surface of the first 
insulating plate 20 is partially exposed depending on the 
patterning precision and thus the exposed Surface of the first 
insulating plate 20 is etched by dry etching performed for 
patterning the gate insulating layer 24. Currently, it is 
designed So that overlapping distance a is about 5 um in 
consideration of the patterning precision and the etching 
precision. Distance a is preferably about 5 um or leSS and 
more than 0. 
Although not shown, a Semiconductor layer formed of 

amorphous silicon and a contact layer formed of n' amor 
phous silicon are formed by plasma CVD and patterned to 
form a TFT in the display area (not shown). 
As shown in FIG. 7C, a second conductive layer formed 

of, for example, Ti (thickness: about 300 nm) is formed by 
Sputtering on the first terminal electrode layer 22 in the 
opening 8 So as to overlap the gate insulating layer 24. The 
Second conductive layer is patterned, thereby forming the 
Second terminal electrode layer 26 as well as the Source 
Signal lines and the Source electrodes (not shown). AS 
described above, the second terminal electrode layer 26 is 
extended to outside the opening 8 So as to overlap the gate 
insulating layer 24, in order to maximize the contact area of 
the first terminal electrode layer 22 and the Second terminal 
electrode layer 26. When the contact area of the first and 
Second terminal electrode layerS 22 and 26 is maximized, the 
area of the top terminal electrode layer 28 is enlarged, and 
the contact State of these conductive layerS is improved. 
Currently, it is designed So that overlapping distance c is 
about 3 um in consideration of the patterning precision and 
the etching precision. Distance c is preferably about 3 um or 
leSS and more than 0. 

Although not shown, the contact layer of the channel 
region of the TFT is removed, thereby forming the TFT. 
As shown in FIG. 7D, an ITO layer is formed on the 

second terminal electrode layer 26 by sputtering. The ITO 
layer is patterned to form the top terminal electrode layer 28 
having the outer periphery inside the inner periphery of the 
Second terminal electrode layer 26 and also inside the inner 
periphery of the gate insulating layer 24. Thus, the top 
terminal electrode layer 28, which is formed on a flat 
Surface, has a flat top Surface. In order to maximize the area 
of the top terminal electrode layer 28 while preventing 
formation of Steps, distance b between the inner periphery of 
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the gate insulating layer 24 and the outer periphery of the top 
terminal electrode layer 28 is designed to be about 2 um 
currently. Distance b is preferably about 2 um or leSS and 
more than 0. As shown in FIGS. 4A and 4B, the top terminal 
electrode layer 28 is formed in a similar manner in the circuit 
board terminal section 206. 
As shown in FIG. 7E, a first protective layer 30 formed of, 

for example, an acrylic photoSensitive resin is formed on the 
gate insulating layer 24 So as to cover the Second terminal 
electrode layer 26 and the top terminal electrode layer 28. 
The first protective layer 30 contacts the top terminal 
electrode layer 28 along the flat top surface thereof. The first 
protective layer 30 is formed to have protrusions and depres 
Sions So as to act as an underlying layer for forming the 
reflective Sections having a Surface having protrusions and 
depressions in order to optimize the reflection characteristics 
of the Surface of the reflective Sections in the display area. 

Alternatively, the first protective layer 30 can be formed 
of a metal such as, for example, molybdenum (Mo) or Ti. In 
the case where the first protective layer 30 is formed of Such 
a metal, the first protection layer 30 can be patterned 
together with the metal layer 32 of mainly Al formed thereon 
by adjusting the etching conditions. Accordingly, the Sepa 
rate step of removing the first protective layer 30 is 
eliminated, thus simplifying the production method. 
As shown in FIG. 7F, the metal layer 32 of mainly Al is 

formed so as to cover the first protective layer 30 by 
sputtering. The metal layer 32 can be formed of pure Al or 
an alloy containing Al, Such as, for example, an Al-Walloy. 

Then, the metal layer 32 and the first protective layer 30 
are partially removed, thereby forming the reflective Sec 
tions (or reflective pixel electrodes) in the display area and 
exposing the flat Surface of the top terminal electrode layer 
28 in the gate terminal section 202 (FIG. 6) as well as other 
terminal Sections. 

In this example, the gate insulating layer 24 acting as an 
interlayer insulating layer is formed of a positive photosen 
sitive resin (OFPR-800, Tokyo Ohka Kogyo Kabushiki 
Kaisha). As a developer, TMAH (tetramethyl ammonium 
hydroxide, Tokyo Ohka Kogyo Kabushiki Kaisha) is used. 
TMAH is also used as a resist developer for patterning the 
metal layer32. AS an etchant, a mixed Solution of nitric acid, 
acetic acid and phosphoric acid is used. 
As shown in FIG. 7D, the top terminal electrode layer 28 

is a flat layer. The present invention is not limited to Such a 
Structure. For example, the top terminal electrode layer 28 
formed by patterning an ITO layer can have a stepped 
portion in a peripheral portion thereof. For example, the 
peripheral portion of the top terminal electrode layer 28 can 
overlap the projecting peripheral portion of the Second 
terminal electrode layer 26 formed of Ti(FIG.7D, Surround 
ing the recessed portion formed by the opening of the gate 
insulating layer 24). In this case, it is preferable, as shown 
in FIG. 12A, to form a second protective layer 50 for 
covering the Stepped portion of the top terminal electrode 
layer 28 and exposing only the flat area of the Stop Surface 
thereof before forming the first protective layer 30. 

In the display area, the first protective layer 30 is used for 
forming protrusions and depressions in the reflective Sec 
tions in order to optimize the reflection characteristics of the 
Surface of the reflective sections as described above. The 
first protective layer 30 can be used for another purpose. For 
example, the first protective layer 30 can be provided over 
the TFT, the Source Signal line and the gate Signal line for 
connecting the pixel electrode formed above the first pro 
tective layer 30 to the drain electrode of the TFT formed 
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below first protective layer 30 through the through-holes 
formed therein. 

A reflection-type LCD device 100 is formed by combin 
ing the active matrix plate 20 having the above-described 
elements thereon and the counter plate 25 (FIG. 1) having 
the counter electrode (not shown), injecting a display 
medium (i.e., a liquid crystal material) into the gap between 
the plates 20 and 25, and attaching the driving ICs and the 
driving circuit board 21 to the terminal sections 202, 204, 
206 and the like as shown in FIGS. 4A and 4B through the 
ACF 80. In the case where the reflection-type LCD device 
100 is for color display, the counter plate 25 is combined in 
the State of having a color filter as well as the counter 
electrode thereon. 

In the reflection-type LCD device 100 in this example, at 
least in one of the terminal Section, for example, the gate 
terminal section 202, the top terminal electrode layer 28 
formed of ITO is formed on a flat top surface of the second 
terminal electrode layer 26 as shown in FIG. 7D. 
Accordingly, the top terminal electrode layer 28 obtains a 
flat top surface. As shown in FIG. 7E, the fist protective layer 
30 is provided so as to completely cover the top terminal 
electrode layer 28. Due to Such a structure, the top terminal 
electrode layer 28 is not in direct contact with the metal layer 
32 provided on the first protective layer 30. Accordingly, 
during partial removal of the first protective layer 30 and the 
metal layer 32, electrolytic corrosion of the top terminal 
electrode layer 28 does not occur, thus preventing the 
removal of the top terminal electrode layer 28. 

EXAMPLE 2 

A Second example relates to a common transfer terminal 
section 208 of a reflection-type LCD device to which the 
present invention is applied. The reflection-type LCD device 
in the Second example Substantially has the same Structure as 
that of the first example. Elements which are identical with 
those described with reference to FIGS. 1 through 7F bear 
identical reference numerals and detailed descriptions 
thereof will be omitted. 

FIG. 9 is a cross-sectional view of the common transfer 
terminal section 208, the circuit board terminal Section 206 
and the vicinity of the reflection-type LCD device. FIG. 10 
is a plan view of the common transfer terminal section 208, 
and FIG. 11 is a cross-sectional view of the common transfer 
terminal section 208 shown in FIG. 10. The common trans 
fer terminal section 208 connects lines on the active matrix 
plate 20 to a counter electrode 36 on the counter plate 25. 
As shown in FIG. 9, the circuit board terminal section 206 

includes the first terminal electrode layer 22, the Second 
terminal electrode layer 26 and the top terminal electrode 
layer 28 sequentially provided from the bottom. The com 
mon transfer terminal Section 208 excludes the second 
terminal electrode layer 26. 

The common transfer terminal section 208 includes the 
first terminal electrode layer 22, the gate insulating layer 24 
provided on the first insulating plate 20 So as to cover at least 
the first terminal electrode layer 22 as well as the gate 
electrodes and the gate signal lines (not shown) and a top 
terminal electrode layer 28 provided on the first terminal 
electrode layer 22. The gate insulating layer 24 has an 
opening 8, in which the top terminal electrode layer 28 is 
provided. It is not necessary for the gate insulating layer 24 
to have the opening 8 in the common transfer terminal 
section 208, but it is sufficient that the gate insulating layer 
24 has an opening in at least one of the terminal Sections 
202, 204, 206 and 208. For example, the gate electrode 202 
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can exclude the Second terminal electrode layer 26 as shown 
in FIG. 8. Alternatively, the common transfer terminal 
section 208 can have the second terminal electrode layer 26 
So as to have a three-layer Structure including the first 
terminal electrode layer 22 of Ta, the Second terminal 
electrode layer 26 of Ti and the top terminal electrode layer 
28 of ITO as shown in FIG. 6. 

The common transfer terminal section 208 can be pro 
Vided at one or more of the four corners of the display area 
11 (FIG. 1) or along at least one of the four sides. 
As best shown in FIG. 11, the top terminal electrode layer 

28 and the counter electrode 36 are electrically connected to 
each other through a conductive paste 38. 

In this example also, the top terminal electrode layer 28 
is not in direct contact with a metal layer 32 provided above 
the terminal electrode layer 28. Accordingly, during partial 
removal of a first protective layer 30 and the metal layer 32, 
electrolytic corrosion of the top terminal electrode layer 28 
does not occur, thus preventing the top terminal electrode 
layer 28. Such a structure realizes effective production of the 
reflection-type LCD devices at a high yield. 

In the examples described above, the present invention is 
applied to the terminal Sections for connecting lines and the 
like. The present invention is also applicable to an exami 
nation terminal Section for examining whether various ele 
ments provided inside and outside the display area is nor 
mally operated or not. Such an examination terminal Section 
includes a top layer formed of ITO. 
The present invention is applicable to reflection-type LCD 

devices of various Structures as well as the reflection-type 
LCD devices described in the above examples. 
(Modifications) 

FIGS. 12A through 12F shows various reflection-type 
LCD devices having an opening 9 in the gate insulating layer 
24. FIG. 13A through 13E shows various reflection-type 
LCD devices having no opening in the gate insulating layer 
24. In the reflection-type LCD devices shown in 13A 
through 13E, a through-hole is formed in the gate insulating 
layer 24 in an area other than the terminal Sections to 
electrically connect the first terminal electrode layer 22 and 
the top terminal electrode layer 28 as shown in FIG. 2G. 
Various Structures of various elements Such as, elements 
included in the display area (e.g., TFTs, lines, and pixel 
electrodes) as well as the terminal Sections, materials 
thereof, production methods thereof (including different 
orders of steps) can be combined in an appropriate manner 
to obtain effects. 
The reflection-type LCD devices shown in FIGS. 12A 

through 12D, 12F, 13B, 13D and 13E each include a second 
protective layer 50 formed of, for example, silicon nitride. In 
FIG. 12A and 12B, the top terminal electrode layer 28 
formed of ITO has a stepped peripheral portion 29, and thus 
the second protective layer 50 is provided in order to cover 
the Stepped peripheral portion 29 and expose only the flat 
surface of the top terminal electrode layer 28. In the case 
where the second terminal electrode layer 26 is provided to 
form Signal lines, the Second protective layer 50 is prefer 
ably provided for protecting the Signal lines against various 
processing performed after the formation of the Signal lines 
and against the environment to which the final product will 
be exposed So as to, for example, improve the reliability 
against corrosion. The Second protective layer 50 is not 
necessary when not required in the processing after the 
formation of the signal lines (e.g., in terms of generation of 
additional resistance or formation of other layers). In the 
case where an insulating layer is provided to cover the 
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Second terminal electrode layer 26 forming the Signal lines 
(for example, two-layer structure of a metal layer and a 
metal oxide layer), the second protective layer 50 can be 
formed of a resin. 
AS can be appreciated from the above description, even 

when the top terminal electrode layer 28 has a stepped 
peripheral portion 29, only a flat area of the top Surface of 
the top terminal electrode layer 28 is in contact with the first 
protective layer (not shown) by covering the stepped periph 
eral portion 29 by the second protective layer 50. As a result, 
the top surface of the top terminal electrode layer 28 is 
completely covered by the first protective layer and thus the 
electrolytic corrosion of the top terminal electrode layer 28 
is avoided. 

In FIGS. 12C and 13D, the second protective layer 50 is 
provided on the gate insulating layer 24. In FIGS. 12A, 12B, 
12D, 12F, 13B and 13E, the second protective layer 50 is 
provided So as to cover the gate insulating layer 24 and a part 
of the top terminal electrode layer 28. In FIGS. 12C, 12E, 
and 13A through 13E, the top terminal electrode layer 28 is 
a flat layer. 

FIG. 12B shows, for example, a Source terminal Section. 
The first terminal electrode layer 22 is formed together with 
the gate Signal lines and Shields ICS connected in the Source 
terminal Section against light. In the case where the Source 
terminal section includes a structure of ITO/Ta/TaN, the 
second terminal electrode layer 26 of Ta/TaN is removed so 
as to expose the flat Surface of the top terminal electrode 
layer 28 of ITO in the opening 9. The Ta/TaN layer 26 is left 
on the periphery of the top terminal electrode layer 28 
Surrounding the opening 9 So as to improve the electrical 
connection of the Source Signal lines and the Source terminal 
Section. 

In FIG. 12D, for example, the second terminal electrode 
layer 26 is formed of Ti and provided between the top 
terminal electrode layer 28 of ITO and the first terminal 
electrode layer 22 of Ta. Thus, the electrical connection of 
the top terminal electrode layer 28 and the first terminal 
electrode layer 22 is Stabilized. Since the Second terminal 
electrode layer 26 is etched by an etchant used for patterning 
the second protective layer 50, the second terminal electrode 
layer 26 is provided avoiding the opening 8 of the gate 
insulating layer 24. 

In the first and Second examples, the Source Signal lines 
are formed of Ti and the gate Signal lines are formed of Ta. 
The source signal lines can be formed of TaN/Ta/TaN or 
ITO. The gate signal lines can be formed of Ta/TaN, ITO or 
Ti. These materials can be used in any combination. 

The present invention is not limited to the three-layer 
structure as shown in FIGS. 6, 12B and 12D, but is appli 
cable to a one-layer structure (FIGS. 13C and 13E), a 
two-layer structure (FIGS. 12A, 12C, 12E, 12F, 13A, 13B 
and 13D), or a structure having four layers or more. 
The terminal Sections according to the present invention 

is applicable to a reflection and transmission LCD device 
having a reflective area and a transmission area in each pixel 
area. In Such an LCD device, an area for performing display 
using transmitted light is referred to as a “transmission area’ 
and an area for performing display using reflected light is 
referred to as a “reflection area'. The transmission area 
includes a liquid crystal layer area interposed between a pair 
of base plates and a transmission electrode area provided on 
one of the base plates. The reflection area includes a liquid 
crystal layer area interposed between the pair of base plates 
and a reflection electrode area provided on one of the base 
plates. The transmission electrode area and the reflection 
electrode area respectively define a two-dimensional area of 
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the transmission area and the reflection area. The transparent 
electrode area is typically defined by the transparent elec 
trode. The reflection electrode area is defined by a reflection 
electrode or a combination of a transparent electrode and a 
reflection electrode. 

FIG. 15A is a partial cross-sectional view of an exemplary 
reflection and transmission LCD device 300. FIG. 15B is a 
plan view of an active matrix substrate 70 of the reflection 
and transmission LCD device 300. FIG. 15A is along line 
A-A in FIG. 15B. 
As shown in FIG. 15A, the reflection and transmission 

LCD device 300 includes the active matrix Substrate 70, a 
counter substrate 160, and a liquid crystal layer 140 inter 
posed between the substrates 70 and 160. The reflection and 
transmission LCD device 300 further includes differential 
phase compensation elements (e.g., a phase plate, a phase 
film or a laminate including the phase plate, the phase film 
and the like) 180 and 170 respectively provided on Surfaces 
of the active matrix Substrate 70 and the counter Substrate 
160 not in contact with the liquid crystal layer 140. The 
reflection and transmission LCD device 300 further includes 
polarizing elements 182 and 172 outside the differential 
phase compensation elements 180 and 170. 
As shown in FIGS. 15A and 15B, the active matrix 

Substrate 70 includes a glass plate 61, and a plurality of gate 
bus lines 72 as Scanning lines and a plurality of Source bus 
lines 74 as signal lines provided on the glass plate 61. The 
gate bus lines 72 and the source bus lines 74 cross each 
other. In each of rectangular areas formed by the interSection 
of two adjacent gate bus lines 72 with two adjacent Source 
bus lines 74, a reflection electrode 69 formed of a material 
having a high light reflectance (e.g., Al, Ag or Ta) and a 
transparent electrode 68 formed of a highlight transmittance 
(e.g., ITO) are both provided. A pixel electrode includes the 
reflection electrode 69 and the transparent electrode 68. 
Provided below the reflection electrode 69 are high insulat 
ing layerS 64a, low insulating layerS 64b and a polymer resin 
layer 65 provided on the high and low insulating layers 64a 
and 64b. Accordingly, the surface of the reflection electrode 
69 has a continuously corrugating top Surface. The insulat 
ing layers can have an equal height. The polymer resin 65 
can be eliminated. It can be structured that only the insu 
lating layerS 64a and 64b form an interlayer insulating layer 
having a continuously corrugating top Surface. 
The reflection electrode 69 is connected to a drain elec 

trode 76 of a TFT 71 through a through-hole 79. The TFT 71 
includes a Semiconductor layer 77 provided on a gate 
insulating layer 61a which covers a gate electrode 73. The 
gate electrode 73 and a source electrode 75 of the TFT 71 are 
respectively branched from each gate bus line 72 and each 
Source bus line 74. 
As shown in FIG. 15A, the counter Substrate 160 includes 

a glass plate 162, a color filter layer 164 and a transparent 
electrode 166 formed of ITO. 

Horizontal alignment layers (not shown) are provided 
between the liquid crystal layer 140 and the active matrix 
substrate 70 and between the liquid crystal layer 140 and the 
counter substrate 160. The alignment layers are treated by 
rubbing or the like So as to provide a preferable twist angle 
of liquid crystal molecules. The liquid crystal layer 140 is 
formed of a nematic liquid crystal material having a positive 
dielectric anisotropy. The liquid crystal molecules in the 
liquid crystal layer 140 are given a tilt angle of about 0.1 to 
5 degrees with respect to the Surfaces of the glass plates 61 
and 162 as a result of rubbing of the horizontal alignment 
layers. The liquid crystal molecules are parallel to the glass 
plates 61 and 162 when no voltage is applied and tilt toward 
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the normal direction to the glass plates 61 and 162 when a 
Voltage is applied. 
A pixel area, which is a minimum unit for display of the 

reflection and transmission LCD device 300, includes a 
reflection area 120R defined by the reflection electrode 69 
and a transmission area 120T defined by the transparent 
electrode 68. The thickness of the liquid crystal layer 140 is 
set to be dr in the reflection area 120R and dt in the 
transmission area 120T (dtddr) in order to substantially 
equalize the optical path length of the light reflected by the 
reflection area 120R and the light transmitted through the 
transmission area 120T, both contributing display. It is 
preferable that dt=2dr, but the dt and dr can be appropriately 
Set in accordance with the display characteristics. It is 
sufficient that at least dts dr. Typically, dt is about 4 to 6 um 
and dr is about 2 to 3 lum. In other words, a step of about 2 
to 3 um is formed in the pixel area of the active matrix 
Substrate 70. When the reflection electrode 69 has an uneven 
surface as shown in FIG. 15A, dr is the average thickness of 
the liquid crystal layer 140. As described above, the reflec 
tion and transmission LCD device 300 has the liquid crystal 
layer 140 having non-uniform thickness (i.e., including a 
reflection area 120R and a transmission area 120T). 
When the present invention is applied to formation of a 

terminal section of the reflection and transmission LCD 
device 300, the following effect is provided. When a metal 
layer formed of, for example, Al for forming a reflective 
electrode and a first protective layer formed of, for example, 
the polymer resin layer (corresponding to the polymer resin 
layer 65 in FIG. 15A) for forming the surface of the 
reflection electrode to have protrusions and depressions are 
at least partially removed, the metal layer is prevented from 
contacting an ITO layer for forming the transparent elec 
trode. Accordingly, removal of the ITO layer due to elec 
trolytic corrosion is avoided. Thus, efficient production of 
reflection and transmission LCD devices 300 at a high yield 
is realized. 

According to the present invention, as described above, 
direct contact of a metal layer and a top terminal electrode 
layer formed of ITO is prevented when the metal layer and 
a first protective layer are at least partially removed in at 
least one terminal Section of a peripheral area of an LCD 
device. Due to Such a structure, removal of the top terminal 
electrode layer due to electrolytic corrosion is prevented, 
resulting in a high yield production of a terminal Section 
including a top terminal electrode layer formed of ITO. 
Thus, according to the present invention, a reflection-type 
LCD device produced at a high yield and a method for 
producing the same, and a method for producing a circuit 
board used for the reflection-type liquid crystal display 
device are provided. The present invention is applicable to 
any circuit board including a top layer formed of ITO, only 
a flat area of a top Surface of which is exposed. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the Scope and Spirit of this invention. Accordingly, it is 
not intended that the Scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 
What is claimed is: 
1. A method for producing a reflection-type liquid crystal 

display device, including a first Substrate; a Second Sub 
Strate; and a display medium layer interposed between the 
first Substrate and the Second Substrate, 

wherein the first Substrate includes a first electrode for 
applying a Voltage to the display medium layer; the 
Second Substrate includes a Second electrode for apply 
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ing a Voltage to the display medium layer; the first 
Substrate includes a light reflective Section in the vicin 
ity of the display medium layer for reflecting light 
which is incident on the reflection-type liquid crystal 
display device through the Second Substrate, and 
includes a plurality of terminal Sections for Supplying a 
Voltage to the first electrode and the Second electrode, 
and at least one of the plurality of terminal Sections has 
a top layer formed of ITO, only a flat area of a top 
Surface of the top layer being eXposed, the method 
comprising the Steps of: 
forming an ITO layer in the first substrate; 
patterning the ITO layer to form the top layer in the at 

least one of the terminal Sections, 
forming a first protective layer So as to cover the top 

layer; 
forming a metal layer mainly formed of aluminum So as 

to cover the first protective layer; and 
at least partially removing the metal layer and the first 

protective layer to form a reflective Section from the 
metal layer and expose only the flat area of the top 
Surface of the top layer in the at least one of the 
terminal Sections, 

wherein before the step of forming the first protective 
layer, only the flat area of the top Surface of the layer 
is exposed in at least one of the terminal Sections. So 
as to allow the first protective layer to contact the top 
layer along only the flat area. 

2. A method for producing a reflection-type liquid crystal 
display device, including a first Substrate; a Second Sub 
Strate; and a display medium layer interposed between the 
first Substrate and the Second Substrate, 

wherein: 
the first Substrate includes a plurality of reflection pixel 

electrodes for applying a Voltage to the display 
medium layer; 

the Second Substrate includes a counter electrode 
located opposed to the plurality of reflection pixel 
electrodes, 

the first Substrate includes an insulating plate, and also 
includes, above a Surface of the insulating plate 
opposed to the display medium layer, a plurality of 
thin film transistorS respectively connected to the 
plurality of reflection pixel electrodes, a plurality of 
gate Signal lines and a plurality of Source Signal lines 
connected to respective thin film transistors, a gate 
terminal Section for Supplying a Scanning Signal to 
the gate signal lines, a Source terminal Section for 
Supplying a display Signal to the Source Signal lines, 
and a common transfer terminal Section for Supply 
ing a common Signal to the counter electrode, 

the thin film transistors each include a gate electrode 
connected to the respective gate Signal line, a Source 
electrode connected to the respective Source Signal 
line, and a drain electrode connected to the respec 
tive reflection pixel electrode; and 

at least one of the gate terminal Section, the Source 
terminal Section and the common transfer terminal 
section includes a top layer formed of ITO, only a flat 
area of a top Surface of the top layer being exposed, 

the method comprising the Steps of 
forming a first conductive layer on the insulating plate; 
patterning the first conductive layer to form the gate 

Signal lines and the gate electrodes; 
forming a gate insulating layer Substantially entirely on 

the insulating plate So as to cover at least the gate 
Signal lines and the gate electrodes; 
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forming an ITO layer above the insulating plate; 
patterning the ITO layer to form the top layer in the at 

least one of the terminal Sections, 
forming a first protective layer So as to cover the top 

layer; 
forming a metal layer mainly formed of aluminum So as 

to cover the first protective layer; and 
at least partially removing the metal layer and the first 

protective layer to form the reflection pixel elec 
trodes from the metal layer and expose only the flat 
area of the top Surface of the top layer in the at least 
one of the terminal Sections, 

wherein before the step of forming the first protective 
layer, only the flat area of the top Surface of the layer 
is exposed in at least one of the terminal Sections. So 
as to allow the first protective layer to contact the top 
layer along only the flat area. 

3. A method for producing a reflection-type liquid crystal 
display device, including a first Substrate; a Second Sub 
Strate; and a display medium layer interposed between the 
first Substrate and the Second Substrate, 

wherein: 
the first Substrate includes a plurality of reflection pixel 

electrodes for applying a Voltage to the display 
medium layer; 

the Second Substrate includes a counter electrode 
located opposed to the plurality of reflection pixel 
electrodes, 

the first Substrate includes an insulating plate, and also 
includes, above a Surface of the insulating plate 
opposed to the display medium layer, a plurality of 
thin film transistorS respectively connected to the 
plurality of reflection pixel electrodes, a plurality of 
gate Signal lines and a plurality of Source Signal lines 
connected to respective thin film transistors, a gate 
terminal Section for Supplying a Scanning Signal to 
the gate signal lines, a Source terminal Section for 
Supplying a display Signal to the Source Signal lines, 
and a common transfer terminal Section for Supply 
ing a common Signal to the counter electrode, 

the thin film transistors each include a gate electrode 
connected to the respective gate Signal line, a Source 
electrode connected to the respective Source Signal 
line, and a drain electrode connected to the respec 
tive reflection pixel electrode; and 

at least one of the gate terminal Section, the Source 
terminal Section and the common transfer terminal 
section includes a top layer formed of ITO, only a flat 
area of a top Surface of the top layer being eXposed, 

the method comprising the Steps of 
forming a first conductive layer on the insulating plate; 
patterning the first conductive layer to form the gate 

Signal lines and the gate electrodes; 
forming a gate insulating layer Substantially entirely on 

the insulating plate So as to cover at least the gate 
Signal lines and the gate electrodes; 

forming an opening through the gate insulating layer in 
at least one of the terminal Sections, 

forming an ITO layer above the insulating plate; 
patterning the ITO layer to form the top layer in the at 

least one of the terminal Sections, 
forming a first protective layer So as to cover the top 

layer; 
forming a metal layer mainly formed of aluminum So as 

to cover the first protective layer; and 
at least partially removing the metal layer and the first 

protective layer to form the reflection pixel elec 
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trodes from the metal layer and expose only the flat 
area of the top Surface of the top layer in the at least 
one of the terminal Sections, 

wherein before the step of forming the first protective 
layer, only the flat area of the top Surface of the layer 
is exposed in at least one of the terminal Sections. So 
as to allow the first protective layer to contact the top 
layer along only the flat area, and 

the top layer is formed in the opening. 
4. A method according to claim 1, wherein the top layer 

has a stepped peripheral portion, and the method further 
includes the Step of forming a Second protective layer So as 
to cover the Stepped peripheral portion and expose only the 
flat area of the top surface of the top layer before the step of 
forming the first protective layer. 

5. A method according to claim 3, wherein the top layer 
has a stepped peripheral portion, and the method further 
includes the Step of forming a Second protective layer So as 
to cover the Stepped peripheral portion and expose only the 
flat area of the top surface of the top layer before the step of 
forming the first protective layer. 

6. A method according to claim 2, wherein the Step of 
forming the top layer includes the Step of forming the top 
layer on the gate insulating layer, and the top layer is 
electrically connected to the gate Signal lines through a 
through-hole formed in an area other than the at least one of 
the terminal Sections. 

7. A method for producing a circuit board, including an 
insulating plate and a terminal Section formed on the base 
plate, the terminal Section including a top layer formed of 
ITO, only a flat area of a top Surface of the top layer being 
exposed, the method comprising the Steps of: 

forming an ITO layer above the insulating plate; 
patterning the ITO layer to form the top layer in the 

terminal Section; 
forming a first protective layer So as to cover the top layer; 
forming a metal layer mainly formed of aluminum So as 

to cover the first protective layer; and 
at least partially removing the metal layer and the first 

protective layer to expose only the flat area of the top 
Surface of the top layer in the terminal Section, 

wherein before the step of forming the first protective 
layer, only the flat area of the top Surface of the layer 
is exposed in the terminal Section So as to allow the first 
protective layer to contact the top layer along only the 
flat area. 

8. A reflection-type liquid crystal display device, com 
prising: 

a first Substrate; 
a Second Substrate; and 
a display medium layer interposed between the first 

Substrate and the Second Substrate, 
wherein: 

the first Substrate includes a plurality of reflection pixel 
electrodes for applying a Voltage to the display 
medium layer; 

the Second Substrate includes a counter electrode 
located opposed to the plurality of reflection pixel 
electrodes, 

the first Substrate includes an insulating plate; and also 
includes, above a Surface of the insulating plate 
opposed to the display medium layer, an ITO layer; 
a first protective layer; a plurality of thin film tran 
Sistors formed of a metal layer mainly containing 
aluminum and provided on the first protective layer, 



US 6,169,593 B1 
23 

the thin film transistors being connected to the plu 
rality of reflection pixel electrodes, gate Signal lines 
and Source Signal lines connected to the thin film 
transistors, a gate terminal Section for Supplying a 
Scanning Signal to the gate signal lines, a Source 
terminal Section for Supplying a display Signal to the 
Source Signal lines, and a common transfer terminal 
Section for Supplying a common Signal to the counter 
electrode, 

at least one of the gate terminal Section, the Source 
terminal Section and the common transfer terminal 
section includes a top layer formed of ITO, only a flat 
area of a top Surface of the top layer being eXposed; 

the first Substrate further includes a gate insulating 
layer for covering at least the gate Signal lines and 
gate electrodes; 

the gate insulating layer has an opening in the at least 
one of the terminal Sections, and 

the top layer is provided in the opening. 
9. A reflection-type liquid crystal display device accord 

ing to claim 8, wherein the top layer has a stepped peripheral 
portion, and the reflection-type liquid crystal display device 
further includes a Second protective layer for covering the 
Stepped peripheral portion and exposing only the flat area of 
the top Surface of the top layer. 

10. A reflection-type liquid crystal display device accord 
ing to claim 8, further including another conductive layer 
formed of an identical material as that of the Source Signal 
lines, the top layer being provided on the another conductive 
layer. 

11. A reflection-type liquid crystal display device accord 
ing to claim 9, further including another conductive layer 
formed of an identical material as that of the Source signal 
lines, the top layer being provided on the another conductive 
layer. 

12. A reflection-type liquid crystal display device accord 
ing to claim 8, wherein the top layer is provided inside the 
gate insulating layer So that an outer periphery of the top 
layer is distanced from an inner periphery of the gate 
insulating layer by more than Zero and about 2 um or less. 

13. A reflection-type liquid crystal display device, com 
prising: 
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a first Substrate; 
a Second Substrate; and 
a display medium layer interposed between the first 

Substrate and the Second Substrate, 
wherein: 

the first Substrate includes a plurality of reflection pixel 
electrodes for applying a Voltage to the display 
medium layer; 

the Second Substrate includes a counter electrode 
located opposed to the plurality of reflection pixel 
electrodes, 

the first Substrate includes an insulating plate; and also 
includes, above a Surface of the insulating plate 
opposed to the display medium layer, an ITO layer; 
a first protective layer; a plurality of thin film tran 
Sistors formed of a metal layer mainly containing 
aluminum and provided on the first protective layer, 
the thin film transistors being connected to the plu 
rality of reflection pixel electrodes, gate Signal lines 
and Source Signal lines connected to the thin film 
transistors, a gate terminal Section for Supplying a 
Scanning Signal to the gate signal lines, a Source 
terminal Section for Supplying a display Signal to the 
Source Signal lines, and a common transfer terminal 
Section for Supplying a common Signal to the counter 
electrode, 

at least one of the gate terminal Section, the Source 
terminal Section and the common transfer terminal 
section includes a top layer formed of ITO, only a flat 
area of a top Surface of the top layer being exposed; 

the first Substrate further includes a gate insulating 
layer for covering at least the gate Signal lines and 
gate electrodes, and 

the top layer is provided on the gate insulating layer and 
is connected to the gate Signal lines through a 
through-hole formed in an area other than the at least 
one of the terminal Sections. 


