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(57) ABSTRACT

A method for manufacturing a reflective-type liquid crystal
display which is capable of reducing a number of processes
for a thin film transistor used in the reflective-type liquid
crystal display. A reflective electrode to be connected to a
source electrode of the thin film transistor and a terminal
portion connecting electrode to be connected to a terminal
portion lower metal film are simultaneously formed on an
organic insulating film having convex and concave portions.
As a material for the reflective electrode and the terminal
portion lower metal film, an Al—Nd (Aluminum—Neody-
mium) containing 0.9% or more by atom of Nd having
excellent corrosion resistance is used.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD OF SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display device and a method for manufacturing the liquid
crystal display device (LCD) which performs display by
reflecting incident light from an outside and more particu-
larly to a reflective-type or semi-transmissive-type liquid
crystal display device in which the reflective electrode is
made up of an aluminum (Al) alloy.

[0003] The present application claims priority of Japanese
Patent Application No. 2001-130454 filed on Apr. 26, 2001,
which is hereby incorporated by reference.

[0004]

[0005] In recent years, information society finds its way
into an individual and a sophisticated information terminal
having a size and weight being as small as a pocket notebook
and having a large display capacity is being developed
following widespread proliferation of a notebook personal
computer, a PDS (Personal Digital Assistance), or a like. It
is needless to say that a key to further development of these
information terminals is an LCD that can provide a high
performance. A reflective-type LCD is receiving attention
which can provide ultra-high resolution and large capacity
and which also has succeeded in reducing power required
for their operations greatly and in making it be super-small
and light-weight and which can provide display being so
bright as to be called a “paper white display”.

[0006] FIGS. 39 and 40 show diagrams illustrating a
reflective-type LCD and its manufacturing method disclosed
in Japanese Patent Application Laid-open No. 2000-171794
as an example of a method for manufacturing the reflective-
type LCD.

[0007] The conventional reflective-type LCD is so con-
figured, as shown in FIG. 39, that, in a TFT (Thin Film
Transistor) array substrate 223, an amorphous silicon tran-
sistor serving as a liquid crystal driving element 224 is
formed on a glass substrate (not shown) and a reflective
electrode (not shown) is formed on an insulating film (not
shown) having gentle convex and concave parts made up of
circular-shaped concave portion 233 or circular-shaped con-
vex portion 233. The liquid crystal driving element 224
includes a gate electrode 202 formed on the glass substrate
(not shown), a gate insulating layer (not shown), a semi-
conductor layer 204 being disposed in a manner so as to face
the gate electrode 202, and a source electrode 207 and a
drain electrode 208 both being disposed so as to face each
other on the semiconductor layer 204.

[0008] Next, the method for manufacturing the conven-
tional reflective-LCD is explained by referring to FIGS.
40A to 40K.

[0009] First, as shown in FIG. 40A, a glass substrate 201
is coated with a positive-type photosensitive resin 209 so as
to have a thickness of 1 yum to 5 um.

[0010] Next, as shown in FIG. 40B, exposure process is
performed at low illumination using a first photomask 219
(an area of a light shielding section accounts for 20% or

1. Field of the Invention

2. Description of the Related Art
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more and 40% or less of an area of a circular region)
uniformly on the photosensitive resin 209. At this time, an
amount of exposure is about 40 mJ.

[0011] Moreover, the first photomask 219 is arranged
randomly in such a manner that an interval between center
portions of the circular or polygonal light shielding sections
being adjacent to each other is 5 gm or more and 50 ym or
less.

[0012] Next, as shown in FIG. 40C, exposure process is
further performed at high illumination using a second pho-
tomask 220 (portions of the light shielding section corre-
sponding to a contact hole are made open) uniformly on a
contact hole portion. Moreover, the second photomask 220
is so configured that light for the exposure passes through a
signal input terminal portion and, at a same time when the
exposure on the contact hole is performed, the exposure is
performed at high illumination also on the terminal section.
At this time, the amount of exposure is about 240 mJ.

[0013] Next, as shown in FIG. 40D, by performing devel-
opment using a developing agent, portions (contact hole
portions and signal input terminal portions) in which expo-
sure has been performed at high illumination is completely
removed and portions in which exposure has been per-
formed at low illumination and being equivalent to 40% of
a thickness of the film which had existed originally are left
and portions in which no exposure has been performed and
being equivalent to about 80% of a thickness of the film
which had existed originally are left.

[0014] Next, as shown in FIG. 40E, by performing heat-
ing processing for 60 minutes at a temperature of 200° C.,
the resin being put in a state as described above is deformed
due to thermal droop and is put in a gentle convex and
concave state.

[0015] Then, as shown in FIG. 40F, an Al thin film is
formed on the glass substrate 201 in a manner that its
thickness is 200 nm by using a sputtering method and as
shown in FIGS. 40G to 40K, patterning is performed by
photolithography so that one TFT corresponds to one reflec-
tive electrode 210.

[0016] Specifically, as shown in FIG. 40G, coating with a
photoresist 228 is performed a film for the reflective elec-
trode 210 and, as shown in FIG. 40H, exposure is performed
on a pulling portion and a signal inputting terminal section
(not shown) for separation of every pixel ¢lectrode and then,
as shown in FIG. 401 to 40K, by performing development,
etching, and peeling processing, patterning is performed on
the Al thin film serving as the reflective electrode 210.

[0017] Finally, the reflective electrode 210 and facing
substrate (not shown) having a facing electrode on a color
filter are bonded together, with a spacer being interposed
between the reflective electrode 210 and the facing substrate.
The liquid crystal is injected between the reflective electrode
210 and the facing substrate. On a side opposite to the liquid
crystal on the facing substrate are stuck a retardation film
and polarizer to finish the reflective-type LCD.

[0018] In the above description, a method for performing
exposure processing on a resin by changing an amount of its
exposure by using two photomasks is explained. However,
it is possible to form a resin having such the shape as
described in FIG. 40D by performing one time exposure
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processing using either of a half tone mask or a gray tone
mask by which a integration value of an amount of exposure
is changed for every specified region. By employing such
the manufacturing method as above, the number of photo-
processes can be reduced.

[0019] On the other hand, in Japanese Patent Application
Laid-open No. 2000-258787, a reflective-type LCD is dis-
closed in which an Al—Nd (Aluminum—Neodymium)
alloy is used as a material for the reflective electrode, which
describes that, by using the Al—Nd alloy containing 1% or
more by weight of neodymium as the material for the
reflective electrode, a hillock occurring in the reflective
electrode due to a history of thermal treatment can be
reduced and the reflective-LCD having a high reflection rate
can be obtained.

[0020] However, in the method for manufacturing the
reflective-LLCD disclosed in Japanese Patent Application
Laid-open No. 2000-171794, its reflective electrode made of
Al is formed and its terminal section is made up of two
layers including a terminal portion electrode made of Ta
(Tantalum) and a terminal portion connecting electrode
made of ITO (Indium Tin Oxide) which is stacked on the
terminal portion electrode made of Ta. The reason why two
layers are used for forming the terminal section is as follows.
If the terminal section is formed only using Ta, connections
with an outside driving circuit are made impossible due to
surface oxidation caused by a history of thermal treatment
and reliability in connections is lowered. In the conventional
method, a process of stacking the ITO film is employed,
however, this process of forming the ITO film in the
reflective-type LCD is used only for the terminal section
and, therefore, the number of times of photo-processes being
used for manufacturing the TFT increases. To avoid this,
stacking of Al films used as the material for the reflective
electrode on the Ta film is required, however, when Al is
used as a material for the terminal section, corrosion (pitting
corrosion) occurs easily and reliability in the connection
cannot be fully ensured. That is, since the corrosion (pitting
corrosion) in the conventional Al terminal cannot be pre-
vented which reduces reliability, further processes of form-
ing the ITO film are required. As a result, in the conventional
example disclosed in Japanese Patent Application Laid-open
No. 2000-171794, the photo-process to manufacture the
TFT substrate is required nine times and even if both a-Si
layer and n+a-Si layer are simultaneously formed by a
patterning method, the photo-process is required eight times,
which causes an increase in the number of processes and
high costs.

[0021] Moreover, in the reflective-type LCD disclosed in
Japanese Patent Application Laid-open No. 2000-258787,
the AI—Nd alloy is used to achieve a reflective electrode
having high reflection rate and no description of a structure
of a terminal section and of reduction of a photo-process is
provided. That is, even if the Al—Nd alloy is used as a
material for a terminal section, when the Al—Nd alloy
contains less than 0.9% by atom (0.9 atom %) of Nd (less
than about 4.3% by weight of Nd), corrosion (pitting cor-
rosion) cannot be reduced.

SUMMARY OF THE INVENTION

[0022] 1In view of the above, it is an object of the present
invention to provide a method for producing a reflective-
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type or a semi-transmissive type LCD having a reflective
electrode made of an Al alloy, which is capable of reducing
a number of photo-processes for manufacturing a TFT.

[0023] According to a first aspect of the present invention,
there is provided a method for manufacturing an LCD
serving as a reflective-type LCD having a reflective elec-
trode formed on one substrate out of a pair of substrates
being placed in such a manner to face each other with a
liquid crystal layer being interposed between the pair of the
substrates and operating to reflect incident light emitted
from an other substrate on which the reflective electrode is
not formed, the method including;

[0024] a process of simultaneously forming the
reflective electrode and a terminal portion connect-
ing electrode to be formed in a terminal portion both
being made up of an alloy mainly containing Al and
being excellent in resistance against pitting corrosion
or of both a metal having a high melting point and an
alloy mainly containing Al being excellent in resis-
tance against pitting corrosion formed and stacked in
a layer on the metal having a high melting point.

[0025] According to a second aspect of the present inven-
tion, there is provided a method for manufacturing an LCD
serving as a semi-transmissive reflective-type LCD having a
reflective electrode formed on one substrate out of a pair of
substrates being placed in such a manner to face each other
with a liquid crystal layer being interposed between the pair
of the substrates and operating to reflect incident lLight
emitted from an other substrate on which the reflective
electrode is not formed and having a pixel electrode through
which incident light enters from a side of the one substrate
passes, the method including:

[0026] a process of simultaneously forming the
reflective electrode and a terminal portion connect-
ing electrode to be formed in a terminal portion both
being made up of a metal having a high melting point
and an alloy mainly containing Al and being excel-
lent in resistance against pitting corrosion and being
formed and stacked in a layer on the metal having a
high melting point.

[0027] In the foregoing, a preferable mode is one wherein
an element or elements to be added to the alloy containing
mainly Al include any one of Nd (Neodymium), Ti (Tita-
nium), Cr (Cromium), and Ta, or at least one group selected
from groups consisting essentially of a plurality of elements
including Nd, Ti, Cr, and Ta.

[0028] Also, a preferable mode is one wherein the alloy
contains 2% or more, in a total amount, of the plurality of the
elements to be added to the alloy.

[0029] Also, a preferable mode is one wherein the alloy
contains 0.9% or more by atom of the Nd.

[0030] Also, a preferable mode is one wherein a connect-
ing portion in which the terminal portion connecting elec-
trode is connected to an external driving circuit is coated
with a resin.

[0031] Also, a preferable mode is one that wherein
includes:
[0032] a process of forming a gate electrode, a scan-

ning line, and a terminal portion lower metal layer on
a transparent insulating substrate;
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[0033] a process of forming a gate insulating film on [0046] According to a third aspect of the present inven-
an entire surface of the transparent insulating sub- tion, there is provided a method for manufacturing a liquid
strate and then forming a semiconductor layer in a crystal display including:

ition bei ite to th te electrode;
POSIHOn bettig oppostie 10 the gate electrode; [0047] a process of sequentially forming a metal

[0034] a process of forming a source electrode, a layer, a gate insulating film, and a semiconductor

drain, electrode, and a signal line;

[0035] a process of forming a passivation film on an
entire surface of the transparent insulating substrate
and then forming an insulating film on the passiva-
tion film and forming, by changing an integration
value of an amount of exposure for every specified
region, contact holes in the insulating film over the
source electrode and forming, at a same time, convex
and concave portions in a display region;

[0036] a process of forming contact holes in the
passivation film over the source electrode and the
terminal portion lower layer metal film; and

[0037] a process of simultaneously forming the
reflective electrode to be connected to the source
electrode and the terminal portion connecting elec-
trode to be connected to the terminal portion lower
layer metal film, both being made up of an alloy
mainly containing Al or of both a metal having a high
melting point and an alloy mainly containing Al and
being formed and stacked in a layer on the metal
having a high melting point.

[0038] Also, a preferable mode is one that wherein
includes:

[0039] a process of forming a gate electrode, a scan-
ning line, and a terminal portion lower layer metal
film on a transparent insulating substrate;

[0040] a process of forming a gate insulating film on
an entire surface of the transparent insulating sub-
strate and forming a semiconductor layer in a posi-
tion being opposite to the gate electrode;

[0041] a process of forming a source electrode, a
drain electrode, and a signal line;

[0042] a process of forming a passivation film on an
entire surface of the transparent insulating substrate
and then forming an insulating film on the passiva-
tion film and forming, by changing an integration
value of an amount of exposure for every specified
region, contact holes in the insulating film over the
source electrode and, at a same time, convex and
concave portions in a display region,

0043] a process of forming contact holes in the
p g
passivation film over the source electrode and the
terminal portion lower layer metal film;

[0044] a process of forming a pixel electrode made
up of a transparent conductive film; and

[0045] a process of simultaneously forming the
reflective electrode to be connected to the source
electrode and the pixel electrode, and the terminal
portion connecting electrode to be connected to the
terminal portion lower layer metal film, both being
made up of both a metal having a high melting point
and an alloy mainly containing Al being formed and
stacked in a layer on the metal having a high melting
point.

layer, in this order, on a transparent insulating sub-
strate and forming, by using a photoresist having a
plurality of regions each having a different thickness
which has been formed by changing an integration
value of an amount of exposure for every specified
region, a stacked-layer film made up of a gate
electrode, the gate insulating film, and a semicon-
ductor layer each having a same shape as the gate
electrode, and a scanning line and a terminal portion
lower layer metal film;

[0048] a process of forming a signal line after having

formed a protective film on an entire surface of the
transparent insulating substrate;

[0049] a process of forming a first insulating film on

an entire surface of the transparent insulating sub-
strate and forming convex and concave portions in a
display region;

[0050] a process of forming a second insulating film

on an entire surface of the transparent insulating
substrate and forming contact holes in places facing
each other on the semiconductor layer and in the
second insulating film on a signal line existing in a
vicinity and, at a same time, of removing at least the
second insulating film on the terminal portion lower
layer metal film;

[0051] a process of forming contact holes in places

facing each other on the semiconductor layer and in
the protective film on the terminal portion lower
layer metal film;

[0052] a process of doping the semiconductor layer

with an element having a valence of V through the
contact hole formed in the protective film to form a
source region and a drain region; and

[0053] a process of integrally forming a source elec-

trode and a reflective electrode to be connected to the
source region and a drain electrode to be connected
to the drain region, and a connecting electrode con-
necting the drain electrode to the signal line, all of
which are made up of both a metal having a high
melting point and an alloy mainly containing Al
being formed and stacked in a layer on the metal
having a high melting point.

According to a fourth aspect of the present inven-

tion, there is provided a method for manufacturing an LCD
including;

[0055] astep of sequentially forming a metal layer, a

gate insulating film, and a semiconductor layer, in
this order, on a transparent insulating substrate and
then forming, by using a photoresist having a plu-
rality of regions each having a different thickness
which has been formed by changing an integration
value of an amount of exposure for every specified
region, a stacked-layer film made up of a gate
electrode, the gate insulating film, and a semicon-



US 2002/0159010 Al

ductor layer each having a same shape as the gate
electrode, and a scanning line and a terminal portion
lower layer metal film;

[0056] a process of forming a signal line after having
formed a protective film on an entire surface of the
transparent insulating substrate;

[0057] a process of forming a first insulating film on
an entire surface of the transparent insulating sub-
strate and forming convex and concave portions in a
display region;

[0058] a process of forming a second insulating film
on an entire surface of the transparent insulating
substrate and forming contact holes in places facing
each other on the semiconductor layer and in the
second insulating film on a signal line existing in a
vicinity and, at a same time, of removing at least the
second insulating film on the terminal portion lower
layer metal film;

[0059] a process of forming a pixel electrode made
up of a transparent conductive film;

[0060] a process of forming Contact holes in places
facing each other on the semiconductor layer and in
the protective film on the terminal portion lower
layer metal film;

[0061] a process of doping the semiconductor layer
with an element having a valence of v through the
contact hole formed in the protective film to form a
source region and a drain region; and

[0062] a process of integrally forming a source elec-
trode to be connected to the source region and a
reflective electrode to be connected to the pixel
electrode, a drain electrode to be connected to the
drain region, and a connecting electrode connecting
the drain electrode to the signal line, all of which are
made up of both a metal having a high melting point
and an alloy mainly containing Al being formed and
stacked in a layer on the metal having a high melting
point.
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[0067] a process of forming a second insulating film
on an entire surface of the transparent insulating
substrate and forming contact holes in the second
insulating film on the source electrode and, at a same
time, of removing at least the second insulating film
on the terminal portion lower layer metal film;

[0068] a process of forming contact holes in the
passivation film over the source electrode and the
terminal portion lower layer metal film; and

[0069] a process of forming a reflective electrode to
be connected to the source electrode made up of an
alloy mainly containing Al or of both a metal having
a high melting point and an alloy mainly containing
Al being formed and stacked on the metal having a
high melting point.

[0070] According to a sixth aspect of the present inven-
tion, there is provided a method for manufacturing an LCD
including;

[0071] a process of forming a gate electrode, a scan-
ning line, and a terminal portion lower layer metal
film on a transparent insulating substrate;

[0072] a process of sequentially forming a gate insu-
lating film, a semiconductor layer, and a metal layer,
in this order, and then forming, by using a photox-
esist having a plurality of regions each having a
different thickness which has been formed by chang-
ing an integration value of an amount of exposure for
every specified region, a semiconductor layer after
having formed a source electrode, a drain electrode,
and a signal line;

[0073] a process of forming a passivation film on an
entire surface of the transparent insulating substrate
and then a first insulating film and then forming
convex and concave portions in a display region;

[0074] a process of forming a second insulating film
on an entire surface of the transparent insulating
substrate and forming contact holes in the second
insulating film over the source electrode and, at a
same time, of removing at least the second insulating
film on the terminal portion lower layer metal film;

[0063] According to a fifth aspect of the present invention,

there is provided a method for manufacturing an LCD [0075] a process of forming a pixel electrode made
including: up of a transparent conductive film;
[0064] a process of forming a gate electrode, a scan- [0076] a process of forming contact holes in the
ning line, and a terminal portion lower layer metal source electrode and in the passivation film over the
film on a transparent insulating substrate; terminal portion lower layer metal film; and

[0077] a process of forming the source electrode and
the reflective electrode to be connected to the reflec-
tive electrode both being made up of both a metal
having a high melting point and an alloy mainly
containing Al being formed and stacked in a layer on
the metal having a high melting point.

[0065] a process of sequentially forming a gate insu-
lating film, a semiconductor layer, and a metal layer,
in this order, on the transparent insulating substrate
and then forming, by using a photoresist having a
plurality of regions each having a different thickness
which has been formed by changing an integration

value of an amount of exposure for every specified [0078] In the foregoing, a preferable mode is one that
region, a semiconductor layer after having formed a wherein includes a process of simultaneously forming both
source ¢lectrode, a drain electrode, and a signal line; the terminal portion connecting electrode being formed on a
terminal portion and being connected to the terminal portion

[0066] a process of forming a passivation film on an lower metal film and the reflective electrode.

entire surface of the transparent insulating substrate
and then a first insulating film and forming convex [0079] Also, a preferable mode is one that wherein further
and concave portions in a display region; includes a process of simultaneously forming both the
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terminal portion connecting electrode being formed on a
terminal portion and being connected to the terminal portion
lower metal film and the pixel electrode.

[0080]

includes:

[0081] a process of forming a gate electrode, a scan-
ning line, and a terminal portion lower layer metal
film on a transparent insulating substrate;

[0082] a process of sequentially forming a gate insu-
lating film, a semiconductor layer, and a metal layer
in this order on the transparent insulating substrate
and forming, by using a photoresist having a plural-
ity of regions each having a different thickness which
has been formed by changing an integration value of
an amount of exposure for every specified region, a
source electrode and a drain electrode after having
formed a signal line and the semiconductor layer;

[0083] a process of forming a passivation film on an
entire surface of the transparent insulating substrate
and then a first insulating film on the passivation film
and forming convex and concave portions in a dis-
play region;

[0084] a process of forming a second insulating film
on an entire surface of the transparent insulating
substrate and forming contact holes in the second
insulating film on the source electrode and, at a same
time, of removing at least the second insulating film
on the terminal portion lower layer metal film;

[0085] a process of forming contact holes in the
source electrode and in the passivation film over the
terminal portion lower layer metal film; and

[0086] a process of simultaneously forming a reflec-
tive electrode to be connected to the source electrode
and the terminal portion connecting electrode to be
connected to the terminal portion lower layer metal
film both being made up of an alloy mainly contain-
ing Al or a metal having a high melting point and an
alloy mainly containing Al being formed and stacked
on the metal having a high melting point.

Also, a preferable mode is one that wherein further

[0087]

includes:

[0088] a process of forming a gate electrode, a scan-
ning line, and a terminal portion lower layer metal
film on a transparent insulating substrate;

[0089] a process of sequentially forming a gate insu-
lating film, a semiconductor layer, and a metal layer
in this order on the transparent insulating substrate
and forming, by using a photoresist having a plural-
ity of regions each having a different thickness which
has been formed by changing an integration value of
an amount of exposure for every specified region, a
source electrode and a drain electrode after having
formed a signal line and a semiconductor layer;

[0090] a process of forming a passivation film on an
entire surface of the transparent insulating substrate
and then a first insulating film and forming convex
and concave portions in a display region;

Also, a preferable mode is one that wherein
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[0091] a process of forming a second insulating film
on an entire surface of the transparent insulating
substrate and forming contact holes in the second
insulating film on the source electrode and, at a same
time, of removing at least the second insulating film
on the terminal portion lower layer metal film;

[0092] a process of forming a pixel electrode made
up of a transparent conductive film;

[0093] a process of forming contact holes in the
source electrode and in the passivation film on the
terminal portion lower layer metal film; and

[0094] a process of forming a reflective electrode to
be connected to the source electrode and to the pixel
electrode and the terminal portion connecting elec-
trode to be connected to the terminal portion lower
layer metal film both being made up of both a metal
having a high melting point and an alloy mainly
containing Al being formed and stacked in a layer on
the metal having a high melting point.

[0095] Also, a preferable mode is one wherein, in the
processes to forming the first insulating film or the second
insulating film, both the process of forming convex and
concave portions in the first insulating film and the process
of forming contact holes in the second insulating film are
simultaneously performed by changing an integration value
of an amount of exposure for every specified region.

[0096] Also, a preferable mode is one wherein both the
process of forming contact holes in the first insulating film
or the second insulating film and the process of forming the
contact holes in the passivation film or in the protective film
are performed by one time etching.

[0097] According to a seventh aspect of the present inven-
tion, there is provided a liquid crystal display serving as a
reflective-type liquid crystal display having a reflective
electrode being formed on one substrate out of a pair of
substrates being placed in such a manner to face each other
with a liquid crystal layer being interposed between the pair
of the substrates and operating to reflect incident light
emitted from an other substrate on which the reflective
electrode is not formed, wherein the reflective electrode and
a terminal portion connecting electrode being formed at a
terminal portion are made up of an alloy mainly containing
Al being excellent in pitting corrosion or of both a metal
having a high melting point and an alloy mainly containing
Al being excellent in pitting corrosion and being formed and
stacked in a layer on the alloy having a high melting point.

[0098] According to an eighth aspect of the present inven-
tion, there is provided a method for manufacturing an LCD
serving as a semi-transmissive reflective-type LCD having a
reflective electrode being formed on one substrate out of a
pair of substrates being placed in such a manner to face each
other with a liquid crystal layer being interposed between
the pair of the substrates and operating to reflect incident
light emitted from an other substrate on which the reflective
electrode is not formed and having a pixel electrode through
which incident light entered from a side of the one substrate
passes, wherein both the reflective electrode and a terminal
portion connecting electrode being formed on a terminal
portion are made up of a metal having a high melting point
and an alloy mainly containing Al being excellent in pitting
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corrosion and being formed and stacked in a layer on the
alloy having a high melting point.

[0099] In the foregoing, a preferable mode is one wherein
an element or elements 1o be added to the alloy containing
mainly Al include any one of Nd, Ti, Cr, and Ta, or at least
one group selected from groups consisting essentially of a
plurality of elements including Nd, Ti, Cr, and Ta.

[0100] Also, a preferable mode is one wherein the alloy
contains 2% or more, in a total amount, of the ¢lements to
be added to the alloy.

[0101] Furthermore, a preferable mode is one wherein the
alloy contains 0.9% or more by atom of Nd.

[0102] With the above configuration, in the semi-transpar-
ent reflective-type LCD in particular, since the reflective
electrode and terminal portion connecting electrode are
simultaneously formed using an alloy mainly containing Al
having corrosion resistance, more particularly, Al—Nd alloy
as a material for both the reflective electrode and terminal
portion connecting electrode, a process of manufacturing a
TFT is shortened and reliability of the LCD operation can be
maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0103] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:

[0104] FIG. 1 is a plan view of configurations conceptu-
ally illustrating a TFT substrate of a reflective-type LCD
according to a first embodiment of the present invention;

[0105] FIG. 2 is a plan view of a panel of the reflective-
type LCD according to the first embodiment of the present
invention;

[0106] FIG. 3 is a cross-sectional view of a panel, taken
along lines A-A, B-B of FIG. 2;

[0107] FIG. 4 is a plan view of a configuration of one
pixel portion on a TFT substrate of the reflective-type LCD
according to the first embodiment of the present invention;

[0108] FIGS. 5A, 5B, 5C, and 5D are cross-sectional
views of one pixel portion of FIG. 4, taken along a line B-B
according to the first embodiment of the present invention;

[0109] FIGS. 6K, 6F, 6G, 6H are cross-sectional views of
one pixel portion of FIG. 4, taken along the line B-B
according to the first embodiment of the present invention;

[0110] FIGS. 7A, 7B, 7C, 7D, and 7E are cross-sectional
views illustrating processes employed in a method for
manufacturing a terminal section of a reflective-type LCD
according to the first embodiment of the present invention;

[0111] FIGS. 8A, 8B, 8C, 8D, 8E, and 8F are cross-
sectional views illustrating processes in a method of manu-
facturing a layer converting portion of a signal line of a
signal line drawing wiring according to the first embodiment
of the present invention;

[0112] FIG.9 is a plan view illustrating a configuration of
one pixel portion on a TFT substrate of a reflective-type
LCD of a second embodiment of the present invention,

Oct. 31, 2002

[0113] FIGS. 10A, 10B, 10C, and 10D are cross-sectional
views of processes employed in a method of manufacturing
the TFT substrate of the reflective-type LCD, taken along a
line B-B of FIG. 9,

[0114] FIGS. 11E and 11F are also cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate of the reflective-type LCD, taken along a line
B-B of FIG. 9,

[0115] FIGS. 12A, 12B, 12C, 12D, and 12E are cross-
sectional views illustrating processes employed in the
method for the TFT substrate of the reflective-type LCD of
the second embodiment of the present invention;

[0116] FIG. 13 is a plan view of a configuration of one
pixel portion on a TFT substrate of a reflective-type LCD
according to a third embodiment of the present invention;

[0117] FIGS. 14A, 14B, 14C, 14D, and 14E are cross-
sectional views of processes employed in a method of
manufacturing the TFT substrate of the reflective-type LCD,
taken along a line B-B of FIG. 13,

[0118] FIGS. 15F and 15G are cross-sectional views of
processes employed in a method of manufacturing the TFT
substrate of the reflective-type L.CD, taken along the line
B-B of FIG. 13;

[0119] FIGS. 16A, 16B, 16C, 16D, and 16E are cross-
sectional views explaining processes employed in FIGS.
14B and 14C;

[0120] FIGS. 17 is a plan view of a configuration of one
pixel portion on a TFT substrate of a reflective-type LCD
according to a fourth embodiment of the present invention;

[0121] FIGS. 18A, 18B, 18C, 18D, and 18E are cross-
sectional views of processes employed in a method of
manufacturing the TFT substrate of the reflective-type LCD,
taken along a line B-B of FIG. 17,

[0122] FIGS. 19F and 19G are cross-sectional views of
processes employed in the method of manufacturing the TFT
substrate of the reflective-type LCD, taken along the line
B-B of FIG. 17;

[0123] FIGS. 20A, 20B, 20C, 20D, and 20E are cross-
sectional views explaining processes employed in FIGS.
18B and 18C;

[0124] FIG. 21 is a plan view of a configuration of one
pixel portion on a TFT substrate of a semi-transparent
reflective-type LCD according to a fifth embodiment of the
present invention,

[0125] FIGS. 22A, 22B, 22C, 22D, 22E, and 22F are
cross-sectional views of processes employed in a method of
manufacturing the TPT substrate of the semi-transparent
reflective-type LCD, taken along a line B-B of FIG. 21;

[0126] FIGS. 23G, 23H, and 231 are cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate of the semi-transparent reflective-type LCD,
taken along the line B-B of FIG. 21;

[0127] FIG. 24 is a plan view of configurations of one
pixel portion on a TFT substrate of a semi-transparent
reflective-type LCD according to a sixth embodiment of the
present invention;
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[0128] FIGS. 25A, 25B, 25C, and 25D are cross-sectional
views of processes employed in a method of manufacturing
the TFT substrate of the semi-transparent reflective-type
LCD, taken along a line B-B of FIG. 24;

[0129] FIGS. 26K, 26F and 26G are cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate of the semi-transparent reflective-type L.CD,
taken along the line B-B of FIG. 24;

[0130] FIG. 27 is a plan view of configurations of one
pixel portion on a TFT substrate of a semi-transparent
reflective-type LCD according to a seventh embodiment of
the present invention;

[0131] FIGS. 28A, 28B, 28C, 28D, 28E are cross-sec-
tional views of processes employed in a method of manu-
facturing the TFT substrate of the semi-transparent reflec-
tive-type LCD, taken along a line B-B of FIG. 27;

[0132] FIGS. 29F, 29G and 26H are cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate of the semi-transparent reflective-type LCD,
taken along the line B-B of FIG. 27,

[0133] FIG. 30 is a planview of configurations of one
pixel portion on a TFT substrate of a semi-transparent
reflective-type LCD according to an eighth embodiment of
the present invention;

[0134] FIGS. 31A, 31B, 31C, 31D, and 31E are cross-
sectional views of processes employed in a method of
manufacturing the TFT substrate of the semi-transparent
reflective-type LCD, taken along a line B-B of FIG. 30;

[0135] FIGS. 32F, 32G and 32H are cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate of the semi-transparent reflective-type LCD,
taken along the line B-B of FIG. 30;

[0136] FIG. 33 is a cross-sectional view showing one
pixel portion of the TFT substrate of the reflective-type LCD
to be manufactured by a modified method in the second
embodiment and of the TFT, taken along a line B-B of FIG.
9;

[0137] FIG. 34 is a cross-sectional view showing one
pixel portion of the TFT substrate of the reflective-type LCD
to be manufactured by a modified method in the third and
fourth embodiments and of the TFT, taken along the line
B-B of FIGS. 13 and 17,

[0138] FIG. 35 is a cross-sectional view showing one
pixel portion of the TFT substrate of the semi-transparent
reflective-type LCD to be manufactured by a modified
method in the sixth embodiment and of the TFT, taken along
a line B-B of FIG. 24,

[0139] FIG. 36 is a cross-sectional view showing one
pixel portion of the TFT substrate of the reflective-type LCD
to be manufactured by a modified method in the seventh and
eighth embodiments and of the TFT, taken along the lines
B-B of FIG. 27 and 30;

[0140] FIG. 37 is a graph showing a time-varying change
in pitting corrosion density of pure Al and various Al alloys
employed in the present invention;

[0141] FIG. 38 is a graph showing a time-varying change
in pitting corrosion density of a Al—Nd alloy film and
Al—Ti alloy film employed in the present invention,
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[0142] FIG. 39 is a plan view of aconfiguration of one
pixel portion of a TFT of a conventional reflective-type
LCD; and

[0143] FIGS. 40A to 40K arc a cross-sectional view
showing a method of manufacturing the TFT of the con-
ventional reflective-type LCD.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0144] Best modes of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings. In the
following drawings, same reference numbers are assigned to
corresponding parts having the same functions in other
drawings.

[0145]

[0146] FIG.1is a plan view of configurations illustrating
a TFT substrate 10 of a reflective-type LCD according to a
first embodiment of the present invention. FIG. 2 is a plan
view of a panel of the reflective-type LCD according to the
first embodiment. FIG. 3 is a cross-sectional view of a
panel, taken along lines A-A, B-B (corresponding to a
cross-sectional view of the TFT, taken along a line B-B of
FIG. 4), and C-C of FIG. 2.

[0147] 1Ina TFT substrate 10, as shown in FIGS. 1 and 3,
on a transparent insulating substrate 10a are placed a plu-
rality of scanning lines 11 and a plurality of signal lines 12
in such a manner that each of the plurality of scanning lines
11 and each of the plurality of signal lines 12 intersect cach
other at right angles and in a vicinity of a point of intersec-
tion is mounted each of TFTs 14 serving as a switching
element in a matrix form. Moreover, each of a plurality of
common lines 13 is placed in parallel with each of the
plurality of scanning lines and a holding capacity is pro-
duced between each of the common lines and each of
reflective electrodes being connected to the TFT 14. The
reflective electrode 31 adapted to apply a voltage to a liquid
crystal is placed on an organic interlayer insulating film 32
which separates the reflective electrode 31 from each of the
scanning line 11, signal line 12 and the TFT 14. Concave and
convex portions are formed on the organic interlayer insu-
lating film 32 which also causes concave and convex por-
tions to be formed on the reflective electrode 31. At an end
of each of the scanning lines 11 is connected a scanning line
terminal 15 used to input an address signal and at an end of
each of the signal lines 12 is connected a signal line terminal
16 used to input a data signal. Moreover, the common lines
13 are connected to each other through a common line
connecting wiring 17, in ordinary cases, at both sides of the
TFT substrate 10 and at an end of each of the common line
connecting wiring 17 is connected each of common line
terminal 18 being supplied with a same potential as that of
a facing electrode 33 on a facing substrate 20. In the
example, each of the scanning lines 15 and each of the signal
line terminals 16 are conceptually shown so as to occupy one
side of the TFT substrate 10, however, since the reflective-
type LCD is designed to be used for small-sized portable
devices, each of the scanning lines 15 and each of the signal
line terminals 16 are placed in a manner that both of them
are put together on one side of the TFT substrate 10 (see
FIG. 2).

First Embodiment
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[0148] On the other hand, as shown in FIGS. 2 and 3, on
the facing substrate 20, a color filter 21 corresponding to a
display region and facing electrode 33 used to apply a
voltage to a liquid crystal are placed on a transparent
insulating substrate 20e¢ and in a surrounding portion is
placed a black matrix 22. Since the reflective electrode 31
also serves as a light-shielding layer, no black matrix is
placed in the display region. The black matrix 22 is used to
enhance an appearance of the reflective-type LCD.

[0149] Orientating films 34 for arranging direction of
orientation of a molecule of the liquid crystal are placed on
surfaces of the TFT substrate 10 and the facing substrate 20
being opposite to each other. The facing substrate 20 is
overlaid on the TFT substrate 10 with a sealing material 23
and an in-plane spacer 35 being interposed between the
facing substrate 20 and the TFT substrate 10 providing a
specified clearance and a liquid crystal 36 is sandwiched
between the orientating films 34. A space portion, in which
the liquid crystal 36 is injected, being surrounded by a
sealing member is closed by a hole-sealing material 24 in a
hermetically sealed manner. On a surface on an opposite side
facing the TFT substrate 10 of the facing substrate 20 are
placed a % wavelength plate 37 and a polarizer 38, which
serve as a panel for liquid crystal display. Though not shown
in FIG. 2, an IC chip operating as an driving circuit at
portions of the scanning line terminal 15 and the signal line
terminal 16 is packaged with COG (Chip-On-Glass) tech-
nology to finish the LCD.

[0150] As shown in FIG. 3, incident light 39 entered from
a rear side of the facing substrate 20 transmits through the
facing substrate 20 and liquid crystal layer 36 and is
reflected off the concave and convex portions existing on the
reflective electrode 31 on a surface of the TFT substrate 10
and again transmits through the liquid crystal layer 36 and
the facing substrate 20 and is emitted as outgoing light 40.

[0151] Next, configurations of the TFT substrate 10 of the
reflective-type LCD according to the first embodiment of the
present invention and its manufacturing method will be
described in detail by referring to FIG. 4 to FIG. 7A. FIG.
4 is a plan view of a configuration of one pixel portion on
the TFT substrate 10 of the reflective-type LCD according to
the first embodiment. FIGS. 5A to 5D are cross-sectional
views of one pixel portion of FIG. 4, taken along a line B-B
according to the first embodiment. FIGS. 6E to 6H are
cross-sectional views of one pixel portion of FIG. 4, taken
along the line B-B according to the first embodiment. In the
embodiment, an inverted staggered channel etching-type
TFT is used as a switching element which corresponds to a
pixel portion existing on a most outside surrounding portion
on a leftmost side in FIG. 1. FIGS. 7A to 7E are cross-
sectional views of the scanning line terminal 15, the signal
line terminal 16 and the common line terminal 18 in a
direction of a short side. FIGS. 8A to 8F are cross-sectional
views illustrating the signal line 12 and the signal line
drawing wiring 64 of the first embodiment.

[0152] Asshown in FIG. 4 and FIG. 6H, one pixel portion
of the TFT substrate 10 of the reflective-type LCD of the first
embodiment includes the scanning line 11 and the signal line
12 which intersect each other at right angles, the TFT 14
being a switching element mounted in each of pixel regions,
the reflective electrode 31 which reflects light entering each
of the pixel regions and applies voltage to the liquid crystal
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36 being sandwiched between the TFT substrate 10 and the
facing substrate 20, the insulating film 55 which contains an
insulating film 55 used to form specified concave and
convex portions at the reflective electrode 31, in which a
gate electrode 41 is connected to the scanning line 11, a drain
electrode 42 is connected to the signal line 12, a source
clectrode 43 is connected to the reflective electrode 31, and
a storage capacity electrode 46 is connected to the common
line 13, The storage capacity between the storage capacity
electrode 46 and the reflective electrode 31 is produced,
Moreover, since the reflective electrode 31 functions as a
pixel electrode that applies a voltage to the liquid crystal,
separation of each reflective electrode 31 for every pixel is
required and, as a result, the reflective electrode 31 is
separated on the scanning line 11 and signal line 12 for every
pixel.

[0153] Furthermore, as shown in FIGS. 5A to 5D, on a
side of the TFT substrate 10, the gate electrode 41 is formed
in the TFT region existing on a transparent insulating
substrate 10z on which a semiconductor layer 44, which is
made up of a-Si (amorphous silicon layer) layer 44a and
n*-type a-Si layer 44b, is formed with a gate insulating film
being interposed between the semiconductor layer 44 and
the gate electrode 41, and the drain electrode 42 and the
source electrode 43 are formed on the n*-type a-Si layer 44b.
In each of the pixel regions is integrally formed the insu-
lating film 55 used to form specified convex and concave
portions on the reflective electrode 31 in an irregular and
gentle manner.

[0154] Since the insulating film 55 provides a reflection
optical characteristic uniformly over all surfaces of the
display region, it is formed integrally within the display
region and since a portion outside the display region (region
on a left side in FIG. 4) is used to mount a terminal electrode
or alike, no insulating film 35 is formed. Then, the reflective
electrode 31 is formed on the insulating film 55 formed on
a passivation film 54 used to protect the TFT 14, and the
reflective electrode 31 is connected to the source electrode
43 in a pixel portion contact hole 45 mounted on the source
electrode 43.

[0155] The convex and concave portions formed on the
insulating film 55 exerts an influence on a shape of a surface
of the reflective electrode 31 and an angle of a slant formed
by the convex and concave portions on the surface of the
reflective electrode 31 determines an optical characteristic of
reflective light. Therefore, the angle of the slant is provided
so as to obtain a desired reflective optical characteristic.
Moreover, at this time, only a thing that is needed is that
each of a convex pitch, concave pitch, convex height, and
concave depth has different values of two kinds or more.

[0156] Moreover, a lower limit of a film thickness of the
insulating film 55 is defined by the reflective optical char-
acteristic and receives a limitation from a standpoint of
parasitic capacity. That is, if the insulating film 55 is formed
in a manner that its thickness is small, since a great change
in a direction of reflection of incident light is made impos-
sible and since a clearance among the reflective electrode 31,
scanning line 11 and signal line 12 becomes narrow, para-
sitic capacitance occurring among the reflective electrode
31, scanning line 11 and signal line 12 becomes large which
causes a delay in signal transmission and makes it impos-
sible to transmit a signal correctly and an electric field
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between the signal line and the pixel becomes stronger
which affects a liquid crystal existing in the vicinity and
causes a disturbance in direction of orientation of a molecule
and causes a delay and, as a result, display quality is
impaired. To solve this problem, the insulating film 55 is
formed so that its thickness is about 1.5 ym to 4 um.

[0157] As shown in FIG. 5A to FIG. 6H, FIGS. 7A to 7E
and FIGS. 8A to 8F, the manufacturing method roughly
include (1) a process of forming a metal film for the gate
electrode 41 and of performing patterning on the metal film
of the gate electrode 42, (2) a process of forming the gate
insulating film 53, a-Si layer 44a, and n*-type a-Si layer 44b
and of performing patterning on them, (3) a process of
forming a metal film for the drain electrode 42 and source
electrode 43, and of performing patterning on them, (4) a
process of forming the passivation film 54 and insulating
film 55, of performing patterning on the insulating film 55
and of changing a surface shape of the insulating film 55, (5)
a process of performing patterning on the passivation film
54, and (6) a process of forming a metal film for the
reflective electrode 31 and of performing patterning on the
metal film of the reflective electrode 31.

[0158] First, on a transparent insulating substrate 10a
made of a non-alkaline glass having a thickness of 0.5 mm
is formed a first metal film having a thickness of 100 nm to
300 nm made of Cr (chromium) or a like by sputtering and,
then by well-known photolithography and etching pro-
cesses, the gate electrode 41, the scanning line 11 (not
shown), the common line 13 (not shown), the storage
capacity electrode 46, the scanning line terminal 15, the
signal line terminal 16, a terminal portion lower layer metal
film 61 of the common line terminals 18 and a signal line
drawing wiring 64 (FIG. 1, FIG. 5A, FIG. 7A and FIG.
8A). Moreover, as a material for the above lines or wirings,
not only Cr but also a wiring film of a stacked layer structure
obtained by forming a barrier metal made of Cr, Mo, Ti, or
a like, on a Mo, Al or an Al alloy, having a low resistance
and allowing patterning easily to be performed by thin-film

formation technology and photolithography can be
employed.
[0159] Next, after the gate insulating film 53 made up of

SiN (silicon nitride) having a thickness of 300 nm to 500 nm
using a plasma CVD (Chemical Vapor Deposition) method
has been formed and then a non-doped a-Si (amorphous
silicon) having a thickness of 150 nm to 500 nm and a doped
silicon (n*-type a-Si) having a thickness of 30 nm to 50 nm
also using the plasma CVD method have been formed, the
semiconductor layer 44 made up of the a-Si layer 44a and
n*-type a-Si layer 44b is formed by photolithography and
patterning processes (FIG. 5B, FIG. 7B, and FIG. 8B).
Here, the a-Si layer 444 serves as an active layer of the TFT
14 and the n*-type a-Si layer 44b is used to ensure ohmic
contact among the drain electrode 42, source electrode 43
and a-Si layer 44q.

[0160] Next, by sputtering Cr or a like, a second metal film
having a thickness of 100 nm to 300 nm is formed and then
by performing patterning using photolithography, the drain
electrode 42, the source electrode 43 and the signal line 12
are formed. Then, by performing dry etching using the drain
electrode 42 and the source electrode 43 as masks, the
n*-type a-Si layer 44b existing between the drain electrode
42 and the source electrode 43 is removed (FIG. 5C, FIG.
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7B, and FIG. 8C). The aim of removing the n*-type a-Si
layer 44b is to prevent a current from directly flowing
through the n*-type a-Si layer 44b between the drain elec-
trode 42 and the source electrode 43. Moreover, as a material
for the above line or wiring, not only Cr but also a wiring
film of a stacked structure obtained by forming a barrier
metal made of Cr, Mo, Ti or a like, on or under Mo, Al or
an Al alloy, having a low resistance and allowing patterning
easily to be performed by thin-film formation technology
and photolithography, can be employed. To perform etching
the n*-type a-Si layer 44b, a photoresist being used when the
drain electrode 42 and the source electrode 43 are formed
may be used as a mask.

[0161] Next, silicon nitride having a thickness of 100 nm
to 300 nm is formed by using the plasma CVD method and
then the passivation film 54 is formed (FIG. 5D, FIG. 7C,
and FIG. 7D)

[0162] Next, a coat of the insulating film 55 made up of a
photosensitive novolak resin having a thickness of 2 um to
4um is put on all the surface of the passivation film 54. Then,
convex and concave portions are formed by performing
exposure and development on the insulating film 55. In the
embodiment, as a photomask, a half tone mask is used,
which has a transmissive region allowing light for exposure
to pass through, a semi-transmissive region allowing light
for exposure being attenuated by a specified amount to pass
through, and light-shielded region. That is, positioning is
made so that a region 62 having the convex portion
corresponds to the light-shielded region, a region 625 having
the concave portion corresponds to the semi-transmissive
region, and a region 62¢ in which the insulating film 55 is
completely removed corresponds to the transmissive region,
and then exposure is performed (FIG. 6E).

[0163] Next, by performing development, in the light-
shield region, the insulating film 55 is left as it is and, in the
semi-transmissive region, since the insulating film 55 is
etched to some extent, specified convex and concave por-
tions are formed in the insulating film 55. Moreover, in a
region adjacent to a region (that is, transmissive region 62c)
in which the insulating film 55 is completely removed is
provided a region (that is, semi-transmissive region 62b) in
which some films are always left so that the insulating film
55 causes a sharp step to be produced.

[0164] Thus, by employing the half tone mask in the
exposure processes so as to provide the region in which the
insulating film 55 is completely removed by performing
exposure for a long time or by applying strong light to make
the insulating film 55 be completely exposed in the devel-
opment and, the region in which some regions are left by
performing exposure for a short time or by applying weak
light and the region in which no light is applied and therefore
no insulating film 55 is removed, it is made possible to
reduce the number of times of photo-processes by one.

[0165] In the embodiment, as the insulating film 55, a
novolak organic resin is used. For example, “PC403” manu-
factured by JSR (Japanese company) or a like may be
employed. Moreover, it is possible to form a desired convex
and concave made up of not only the novolak resin but also
organic resins such as an acrylic resin, polyimide resin, or a
like, or non-organic resins such as a silicon nitride resin,
silicon oxide resin, or a like. Also, as the material for the
insulating film 55, either of resins having no photosensitivity
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or resins having photosensitivity may be employed. The
processes in which the resin having no photosensitivity is
used includes (1) a process of putting a coat of the insulating
film 55 on the substrate, (2) a process of putting a coat of a
resist to be used for patterning on the insulating film 55, (3)
a process of performing exposure, (4) a process of perform-
ing development, (5) aprocess of etching on the insulating
film 55, and (6) a process of peeling the resist. On the other
hand, the processes in which the resin having no photosen-
sitivity is used includes (1) a process of putting a coat of the
insulating film 55 on the substrate, (2) a process of perform-
ing exposure, (3) a process of performing development. As
a result, processes of forming and peeling off a resist film
can be omitted which is favorable from a standpoint of
decrease of the number of processes. Moreover, an example
in which coating with the insulating film 55 is performed is
shown, however, instead of the coating process, printing
process may be employed (FIG. 6F).

[0166] Next, a process of changing a shape of a surface of
the insulating film is performed. In this process, a surface of
the insulating film 55 having undergone the patterning is
melt by performing heat treatment at a temperature of 80° C.
to 200° C. and is changed so as to have a smooth shape of
the surface of the insulating film 55. Moreover, in the
process of changing a shape of a surface of the insulating
film 55, instead of using thermal processing, for example, a
melting method by using a chemical or a like may be
employed. After the process of changing a shape of a surface
of the insulating film 55 has been performed, burning
process at a temperature of about 200° C. to 250° C. is again
performed.

[0167] Next, by performing patterning, using photolithog-
raphy, on the passivation film 54 formed on the source
electrode 43, terminal portions of the signal line 12 on the
gate insulating film 33 and on the passivation film 54 formed
on the scanning line terminal 15 (not shown), the terminal
portion lower layer metal film 61 of the common line
terminal 18, and the signal line drawing wiring 64, and the
gate insulating film 53, contact holes 56, 62 and 65 are
formed (FIG. 6G, FIG. 7D, and FIG. 8E) . The passivation
film 54 is used to prevent impurities such as ions or a like
from being diffused in the a-Si layer 44a and an operational
failure in the TFT14 from occurring.

[0168] Next, an AI—Nd alloy film having a thickness of
100 nm to 300 nm is formed by using a sputtering method
and, by performing patterning using photolithography, the
reflective electrode 31, terminal portion connecting elec-
trode 63, and connecting electrode 66 are formed to finish
the TFT substrate (FIG. 6H, FIG. 7E, and FIG. 8F).
Preferably, the AlI—Nd alloy contains 0.9% or more by atom
of Nd (0.9 atom %) . The reason is that it serves to inhibit
corrosion (pitting corrosion) of the terminal portion con-
necting electrode 63 and to improve reliability in connec-
tion. As an element that can be added to the Al alloy mainly
containing Al, besides Nd, any one of Ti, Cr, Ta, or at least
two elements selected from a group consisting essentially of
Nd, Ti, Cr, and Ta may be used and, in this case, it is
preferable that total contents are 2% or more by atom (2
atom %) (described later in detail). Moreover, the reflective
electrode 31 and each of the connecting electrodes 66 may
be formed by using not only a single layer film but also a
layer obtained by stacking the Al alloy film on a metal film
having a high melting point such Cr or Mo. In this case, the
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film having a high melting point performs a function of
enhancing adhesion between the insulating film 55 and the
Al alloy film.

[0169] In the embodiment, the method in which the con-
cave and convex portions are formed by a half-tone mask is
employed, however, instead of the method of using the half
stone, a method in which the same convex or concave
portions as described above are formed by changing an
amount of exposure using different two masks, one being
used for leaving a half of the region and another being used
for leaving all the regions, or a method using a gray tone
mask which can change an amount of exposure to be
performed on the insulating film 55 depending on a place on
the insulating film by placing a pattern in a finer manner that
exceeds a limit of resolution ability of exposure so that a
semi-transmission state is produced, can be employed.

[0170] Next, as shown in FIG. 3 (though roughly), the
orientating film 34 is formed on the TFT substrate 10 having
a thickness of 40 nm to 80 nm by a printing method and the
formed orientating film 34 is burned at a temperature of
about 200° C. to 230° C. to perform orientation. on the other
hand, the color filter 21 is formed on the transparent insu-
lating substrate 20a corresponding to a display region on
which the facing electrode 33 made up of a transparent
conductive film such as ITO or a like is formed. Similarly,
on the facing substrate 20 with the black matrix 22 being
formed in its surrounding portion is formed an orientating
film 34 having a thickness of 40 nm to 80 nm by the printing
method and the formed orientating film 34 is burned at a
temperature of about 200° C. to 230° C. to perform orien-
tation. The facing substrate 20 is overlaid on the TFT
substrate 10 with the sealing material 23 made up of an
epoxy resin adhesive, plastic grains or a like and the in-plane
spacer 35 being interposed between the facing substrate 20
and the TFT substrate 10 with a specified gap between them
in such a manner that surfaces of the orientating films 34 are
disposed to be opposite to each other. Then, the liquid crystal
36 is injected between the TFT substrate 10 and the facing
substrate 20 and a space in which the liquid crystal 36 has
been injected, that is, an injecting port of the sealing material
23 is sealed hermetically with the hole-sealing material 24
made of a UV (Ultraviolet) curing-type acrylate resin.
Finally, on a side being opposite to a surface of a film of the
facing substrate 20 are pasted a ¥4 wavelength plate 37 and
a polarizer 38 to finish the reflective-type LCD.

[0171] Then, though not shown in the drawing, an IC chip
operating as an driving circuit at portions of the scanning
line terminal 15, the signal line terminal 16, and the common
line terminal 18 is packaged with COG technology to finish
the reflective-type LCD. At this point, it is preferable that a
connecting portion between the terminal portion connecting
electrode 63 and the chip packaged with COG technology is
coated with a resin such as a silicon resin being moisture-
resistant (described above).

[0172]

[0173] A conceptual diagram of configurations of a TFT
substrate 10, a plan view of a panel, a cross-sectional view
of the panel in the second embodiment are the same as those
in the first embodiment (FIG. 1 to FIG. 3). However, since
a configuration of a TFT of the second embodiment is
different from that of the first embodiment, a black matrix 22
is placed in a portion corresponding to the TFT 14 on the
facing substrate 20.

Second Embodiment
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[0174] Next, configurations and methods for manufactur-
ing the TFT substrate 10 of the reflective-type LCD of the
second embodiment will be described in detail by referring
to FIG. 9 to FIG. 12. FIG. 9 is a plan view illustrating a
configuration of one pixel portion on the TFT substrate 10
of the reflective-type LCD of the second embodiment.
FIGS. 10A, 10B, 10C, and 10D are cross-sectional views of
processes employed in the method of manufacturing the TFT
substrate 10 of the reflective-type LCD, taken along a line
B-B of FIG. 9. FIGS. 11E and 11F are also cross-sectional
views of processes employed in the method of manufactur-
ing the TFT substrate 10 of the reflective-type LCD, taken
along the line B-B of FIG. 9. FIGS. 124, 12B, 12C, 12D,
and 12E are cross-sectional views illustrating processes
employed in the method for the TFT substrate 10 of the
reflective-type LCD of the second embodiment. In the
second embodiment, an example is shown in which an
inverted staggered channel protective—type TFT in which a
photo-process is reduced is used as a switching element
which corresponds to a pixel portion existing on a most
outside surrounding portion on a leftmost side in FIG. 1.
Configurations shown in FIGS. 7A to 7E and 8A to 8E can
be used also in the second embodiment.

[0175] In the embodiment, as shown in FIG. 11F, unlike
in the case of the first embodiment, a channel protective-type
TFT is employed. The method for manufacturing the TFT
substrate 10 having the above configuration chiefly includes,
as shown in FIG. 10A to FIG. 11F, and FIGS. 7A to 7E and
FIGS. 8A to 8E, (1) a process of forming a metal film for
a gate electrode 41, a gate insulating film 53 and a-Si layer
444, and of performing patterning on them, (2) a process of
forming a first protective film 81 and a metal film for a signal
line 12, and of performing patterning on them, (3) a process
of forming a second protective film 82 and an insulating film
55, and of performing patterning on them and of changing
a shape of a surface of an insulating film 55, (4) a process
of performing patterning on the first protective film 81 and
the second protective film 82, (5) a process of doping with
an element exhibiting a valence of V, of forming a- metal
film for a drain electrode 42, source electrode 43, and
reflective electrode 31, and of performing patterning on
them.

[0176] As shown in FIG. 10A, FIG. 7A, and FIG. 8A,
first, a metal film made of a metal such as Cr or a like having
a thickness of 100 nm to 300 nm is formed, by sputtering,
on a transparent insulating substrate 10a made of a non-
alkaline glass having a thickness of 0.5 mm and then a gate
insulating film 53 made of silicon nitride having a thickness
of 300 nm to 500 nm and a non-doped a-Si film is formed
by plasma CVD and patterning is performed on these films
using photolithography to form a gate electrode 41, an gate
insulating film 53 and an a-Si layer 44a so that each of a gate
electrode 41, a gate insulating film 53, and an a-Si layer 44a
has a same shape as the gate electrode 41 and so that the
three layers are of a three-stacked structure and, at the same
time, a scanning line (not shown), a common line (not
shown), a storage capacity electrode 46, a scanning line
terminal 15, a signal line terminal 16, a terminal portion
lower layer metal film 61 of a common line terminal 18, and
a signal line drawing wiring 64 are formed.

[0177] This process will be explained in detail by referring
to FIG. 12. First, a coat of the photoresist 91 is put on a first
metal film 92 stacked on the transparent insulating substrate
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10q, the gate insulating film 53 and the a-Si layer 44a. Then,
in the same way as is used in the first embodiment, by
performing exposure by using a half tone mask or a gray
tone mask and by performing development using a devel-
oping agent, a photoresist 91 having a large film thickness is
formed at a place on which the gate electrode 41 is formed,
a photoresist 91 having a small thickness is formed at a place
on which a scanning line 11 (not shown), a common line 13
(not shown), a stored capacity electrode 46, a scanning line
terminal 15, a signal line terminal 16, a terminal portion
lower layer metal film 61 of a common line terminal 18 (not
shown), and a signal line drawing wiring 64 (not shown) are
formed. The photoresists each having a different film thick-
ness may be formed by changing an amount of exposure
using different two masks, one being used for leaving a half
of the region and another being used for leaving all the
regions (FIG. 12A).

[0178] Next, dry etching is performed on the a-Si layer
44q, the gate insulating film 53, and the first metal film 92
using the photoresist 91 as a mask. In the above dry etching,
it is preferable that a reactive ion etching (RIE) is used in
which an etching gas is changed depending on a kind of a
film in order to prevent side etching of the gate insulating
film 53 or the first metal film 92 (FIG. 12B).

[0179] Next, by performing the etching on the photoresist
91 using an oxygen (O,) ashing method, a photoresist
having the small film thickness is removed (FIG. 12C).
Then, dry etching is performed on the a-Si film and silicon
nitride film by using a photoresist 91 having the large film
thickness that has remained left as a mask (FIG. 12D).

[0180] Finally, by peeling off and removing the photore-
sist 91, a three-layer component including the gate electrode
41, gate insulating film 53 and a-Si layer 44a, scanning line
11 (not shown), common line 13 (not shown), stored capac-
ity electrode 46, scanning line terminal 15, signal line
terminal 16, terminal portion lower layer metal film 61 of a
common line terminal 18 (not shown), signal line drawing
wiring 64 (not shown) are formed (FIG. 12E).

[0181] Again, by referring to FIG. 10, the first protective
film 81 made of silicon nitride having a film thickness of 100
nm to 300 mm is formed by plasma CVD. Next, a second
metal film made of metal such as Cr having a film thickness
of 100 nm to 300 nm is formed by sputtering and, then,
patterning is performed using photolithography to form a
signal line 12 (FIG. 10B, FIG. 7B, and FIG. 8C).

[0182] Next, a second protective film 82 made of silicon
nitride having a film thickness of 100 nm to 200 nm is
formed by plasma CVD (FIG. 10C, FIG. 7C, and FIG. 8D)
Then, in the same manner as in the first embodiment, an
insulating film 55 is formed and processing of changing a
surface shape is performed (FIG. 10D, FIG. 7C, and FIG.
8D).

[0183] Then, by performing patterning on the a-Si layer
44q, the signal line 12 in the vicinity of the a-Si 44a, the
protective film 82 on a terminal of the signal line 12 formed
on the first protective film 81, the scanning line terminal 15,
the signal line terminal 16, the terminal portion lower layer
metal film of the common line terminal 18, and the second
protective film 82 and the protective film 81 on the signal
line drawing wiring 64, each of contact holes 45, 71, 62, and
65 is formed in an opened state (FIG. 1E, FIG. 7D, and
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FIG. 8E). The first protective film 81 and second protective
film 82 are used to prevent impurities of ion or a like from
being diffused to the a-Si layer 44 and an operational failure
from occurring in the TFT14.

[0184] Next, for example, plasma processing is performed
using phosphine (PH,) and the a-Si layer 444 is dopped with
an element exhibiting a valence of V such as phosphorus (P),
through the contact holes 45 and 71, and the drain region 44d
and source region 44s being made of the n*-type a-Si are
formed.

[0185] Then, a metal film having a high melting point such
as Cr or Mo and having a thickness of 50 nm and Al—Nd
alloy film are sequentially formed by sputtering and pattern-
ing is performed using photolithography on the films to form
the drain electrode 42, source electrode 43, reflective elec-
trode 31, connecting electrodes 66 and 83, and terminal
portion connecting electrode 63 and to complete the manu-
facturing of the TFT substrate 10 (FIG. 11 (F), FIG. 7E, and
FIG. 8F) .

[0186] In the embodiment, in the configuration of the film
of the reflective electrode 31 and of the film of each of
connecting electrodes 66, if an Al alloy film is used in a form
of a single film, the Al alloy is diffused in the n*-type a-Si
layer of the drain region 44d and the source region 44c,
which causes an ochmic contact to be unstable and, therefore,
the film having a high melting point is stacked below the Al
alloy film as a diffusing preventive layer.

[0187] In the embodiment, an example is shown in which
the second protective film 82 is formed, however, since the
insulating film 55 can provide same functions as those of the
second protective film 82, the second protective film 82 is
not required. In this case, since a number of times of
formation of films can be reduced by one time and a process
of forming contact holes each having a different depth is not
needed, the reflective-type LCD of the present invention can
provide an advantage that the etching process is made easy.

[0188] Thereafter, by the same method as in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished.

[0189] Third Embodiment

[0190] A conceptual diagram of configurations of a TFT
substrate, a plan view of a panel, a cross-sectional view of
the panel in the third embodiment are the same as those in
the first embodiment (FIG. 1 to FIG. 3) and their descrip-
tions are omitted accordingly.

[0191] Next, configurations of the TFT substrate 10 of the
reflective-type LCD and its manufacturing method of the
third embodiment will be described by referring to FIG. 13
to FIG. 16. FIG. 13 is a plan view of configurations of one
pixel portion on the TFT substrate 10 of a reflective-type
LCD according to the third embodiment of the present
invention. FIGS. 14A to 14E are cross-sectional views of
processes employed in a method of manufacturing the TFT
substrate 10 of the reflective-type LCD, taken along a line
B-B of FIG. 13. FIGS. 15F and 15G are cross-sectional
views of processes employed in the method of manufactur-
ing the TFT substrate 10 in the reflective-type LCD, taken
along the line B-B of FIG. 13. FIGS. 16A to 16E are
cross-sectional views explaining processes employed in
FIGS. 14B and 14C.
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[0192] In the third embodiment, an example is shown in
which an inverted staggered channel etching-type TFT in
which a number of photo-processes is reduced is used as a
switching element which corresponds to a pixel portion
existing on a most outside surrounding portion on a leftmost
side in FIG. 1. Configurations shown in FIGS. 7A to 7E and
FIGS. 8A to 8F can be used also in the third embodiment.

[0193] In the third embodiment, as shown in FIG. 15G,
the channel etching-type TFT is used and a shape of each of
the source electrode, drain electrode, semiconductor layer is
different from that employed in the first embodiment.

[0194] The method for manufacturing the TFT substrate
having above configurations is made up of five processes
including, as shown in FIG. 14A to FIG. 15G, (1) a process
of forming a metal film for the gate electrode 41 and of
performing patterning on the metal film of the gate electrode
41, (2) a process of forming the gate insulating film 53, a-Si
layer 44a, and n*-type a-Si layer 44b, a metal film for the
drain electrode 42 and source electrode 43, of performing
patterning on them and of performing patterning on the
n*-type a-Si layer 44b and a-Si layer 444, (3) a process of
forming a passivation film 54 and insulating film 55, of
performing patterning on them, and of changing a shape of
a surface of the insulating film 55, (4) a process of perform-
ing patterning on the passivation film 54, and (5) a process
of forming a metal film for the reflective electrode 31 and of
performing patterning on the metal film of the reflective
¢lectrode 31.

[0195] First, as shown in FIG. 14A and FIG. 7A, a first
metal film 92 made of non-alkaline glass having a thickness
of 0.5 mm is formed by sputtering on a transparent insulat-
ing substrate 10a and patterning is performed using photo-
lithography on the first metal film 92 to form a gate electrode
41, scanning line 11 (not shown), common line 13 (not
shown), stored capacity electrode 46, scanning terminal 15,
signal line terminal 16, terminal portion lower metal film 61
of a common line terminal 18, and signal line drawing
wiring 64 (not shown).

[0196] Next, as shown in FIGS. 14B and 14C, and FIG.
7B, a gate insulating film 353 made of silicon nitride having
a thickness of 300 nm to 500 nm, a-Si layer made of
non-dopped a-Si, and n*-type a-Si layer made of doped
n*-type a-Si are sequentially formed by plasma CVD and
then a second metal film 82 made of Cr having a thickness
of 100 nm to 300 nm is formed by sputtering and then, by
photolithography, the drain electrode 42, source electrode 43
and signal line 12 are formed, and further a semiconductor
layer 44 made up of the a-Si layer 44a and n*-type a-Si layer
are formed.

[0197] These processes are described by referring to FIG.
16. A coat of a photoresist is put on the a-Si layer 444,
n*-type a-Si layer 44b, and the second metal layer 93 all
being stacked on the gate insulating film 53 and, in the same
way employed in the forming process of the insulating film
55 in the first embodiment and by performing exposure
using a half tone mask or gray tone mask and development
using a developing agent, the photoresist 91 having a large
film thickness is formed in a region in the vicinity of a
channel portion in which the drain electrode 42 and source
electrode 43 are to be formed and the photoresist 91 having
a small film thickness is integrally formed in a region in
which other portion of the drain electrode 42 and source
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electrode 43 and the signal line 12 are to be formed. In this
case, the photoresist 91 can be formed by changing an
amount of exposure using different two masks, one being
used for leaving a half of the region and another being used
for leaving all the regions.

[0198] Next, etching is performed on the second metal
film 93 by the photoresist 91 as a mask (FIG. 16).

[0199] Next, by performing the etching on the photoresist
91 using an oxygen (O,) ashing method, a photoresist
having the small film thickness is removed (FIG. 16C).
Then, for example, reflow processing is performed on a
thicker portion of the photoresist 91 that has been left by
using a vapor of an organic solvent such as N-methyl-2-
pyrrolidone (NMP). Then, dry etching is performed on the
n*-type a-Si layer 44b and a-Si layer 44a, using the photo-
resist 91 having undergone the reflow process, drain elec-
trode 42, source electrode 43 as a mask. It is preferable that
an RIE is used in order to prevent side etching of the n*-type
a-Si layer 44b and a-Si layer 444 (sce FIG. 16D).

[0200] Finally, after the removal of the photoresist 91, dry
etching is performed using the drain electrode 42 and the
source electrode 43 as masks to remove the n*-type a-Si
layer 44b and a-Si layer 44a existing between the drain
electrode 42 and the source electrode 43 (see FIG. 16E).
Moreover, this process may be performed at the same time
when the drain electrode 42 and source electrode 43 are
formed (in the process shown in FIG. 16B).

[0201] Next, as shown in FIG. 14, the film made of silicon
nitride having a film thickness of 100 nm to 300 nm is
formed by plasma CVD to form the passivation film 54
(FIG. 14D and FIG. 7C).

[0202] Next, in the same way as in the first embodiment,
the insulating film 55 is formed and a process of changing
a shape of a surface of the insulating film 55 is performed
(FIG. 14E and FIG. 7C).

[0203] Then, patterning is performed, using photolithog-
raphy, on the source electrode 43, passivation film 54 on an
end portion of the signal line 12 formed on the gate
insulating film 53, scanning line terminal 15, signal line
terminal 16, terminal portion lower layer metal film 61 of the
common line terminal 18, passivation film 54 and the gate
insulating film 53 on the signal line drawing wiring 64 (not

shown) to form each of contact holes 56, 62, and 65 (scc
FIG. 15F, FIG. 7D).

[0204] Next, an Al—Nd alloy film having a thickness of
100 nm to 300 nm is formed by sputtering and then
patterning is performed using photolithography to form a
reflective electrode 31, terminal portion connecting elec-
trode 66 (not shown) to finish the TFT substrate (FIG. 15G
and 7E). Configurations of the reflective electrode 31 and
each of the connecting electrodes 66 and a material for the
Al alloy are the same as shown in the first embodiment.

[0205] Cross-sectional views of the signal line 12 and the
signal line drawing wiring 64 in the third embodiment are
the same as those shown in FIGS. 8A to 8F except that the
n*-type a-Si layer 44b and a-Si layer 44a are stacked below
the signal line 12 in a manner so as to have the same
configuration as the signal 12.

[0206] Thereafter, by the same method as in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished.
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[0207]

[0208] A conceptual diagram of configurations of a TFT
substrate, a plan view of a panel, a cross-sectional view of
the panel in the fourth embodiment are the same as those in
the first embodiment (FIG. 1 to FIG. 3) and their descrip-
tions are omitted accordingly.

[0209] Next, configurations of the TFT substrate of the
reflective-type LCD and its manufacturing method of the
third embodiment will be described by referring to FIG. 17
to FIG. 20. FIG. 17 is a plan view of a configuration of one
pixel portion on the TFT substrate 10 of a reflective-type
LCD of a fourth embodiment of the present invention.
FIGS. 18A to 18E are cross-sectional views of processes
employed in a method of manufacturing the TFT substrate
10 of the reflective-type LCD, taken along a line B-B of
FIG. 17. FIGS. 19F and 19G are cross-sectional views of
processes employed in a method of manufacturing the TFT
substrate 10 of the reflective-type LCD, taken along the line
B-B of FIG. 17. FIGS. 20A to 20E are cross-sectional views
explaining processes employed in FIGS. 18B and 18C.

[0210] In the fourth embodiment, an example is shown in
which an inverted staggered channel etching-type TFT in
which a number of photo-processes is shortened is used as
a switching element which corresponds to a pixel portion
existing on a most outside surrounding portion on a leftmost
side in FIG. 1. Configurations shown in FIGS. 7A to 7E and
FIGS. 8A to 8F can be used also in the fourth embodiment.

[0211] In the fourth embodiment, as shown in FIG. 19G,
a channel etching-type TFT is used and configurations of the
fourth embodiment are similar to those in the third embodi-
ment, however, its manufacturing method is somewhat dif-
ferent from that in the third embodiment. The method for
manufacturing the TFT substrate having above configura-
tions is made up of five processes including, as shown in
FIG. 18A to FIG. 19G, (1) a process of forming a metal film
for the gate electrode 41 and of performing patterning on the
metal film of the gate electrode 41, (2) a process of forming
the gate insulating film 53, a-Si layer 44a, n*-type a-Si layer
44b, a metal film for the drain electrode 42 and source
electrode 43, and of performing patterning on the n*-type
a-Si layer 44b and a-Si layer 44qa, and performing on the
drain electrode 42 and source electrode 43 (channel forma-
tion) , (3) a process of forming a passivation film 54 and an
insulating film 55, of performing patterning on them, and of
changing a shape of a surface of the insulating film 55, (4)
a process of performing patterning on the passivation film
54, and (5) a process of forming a metal film for the
reflective electrode 31 and of performing patterning on the
metal film of the reflective electrode 31.

[0212] First, as shown in FIG. 18A and FIG. 7B, a first
metal film 92 made of non-alkaline glass having a thickness
of 0.5 mm is formed by sputtering on a transparent insulat-
ing substrate 10z and patterning is performed using photo-
lithography on the first metal film 92 to form a gate electrode
41, scanning line 11 (not shown), common line 13 (not
shown), stored capacity electrode 46, scanning terminal 15,
signal line terminal 16, terminal portion lower metal film 61
of a common line terminal 18, and signal line drawing
wiring 64 (not shown).

[0213] Next, as shown in FIGS. 18B, 18C, and FIG. 7B,
a gate insulating film 53 made of silicon nitride having a

Fourth Embodiment
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thickness of 300 nm to 500 nm, a-Si layer made of non-
dopped a-Si having a thickness of 150 nm to 300 nm, and
n*-type a-Si layer made of doped n*-type a-Si having a
thickness of 30 to 50 nm are sequentially formed by plasma
CVD and then a second metal film 82 made of Cr having a
thickness of 100 nm to 300 nm is formed by sputtering and
then, by using photolithography, after a portion of a second
metal film 93 in which the signal line 12, source electrode
43 and drain electrode 42 are to be formed and a portion in
which a channel is to be formed and a semiconductor layer
44 made up of the a-Si layer 44a and n*-type a-Si layer 44b
have been formed in such a manner that each of the
corresponding second metal film 93 and the semiconductor
layer 44 has a same configuration, etching is performed on
the second metal film 93 in which the channel portion is to
be formed and on the n*-type a-Si layer 44b to form the drain
electrode 42 and the source electrode 43.

[0214] These processes are described by referring to FIG.
20. A coat of a photoresist is put on the a-Si layer 44a,
n*-type a-Si layer 44b, and the second metal layer 93 all
being stacked on the gate insulating film 53 and, in the same
way employed in the forming process of the insulating film
55 in the first embodiment and by performing exposure
using a half tone mask or gray tone mask and development
using a developing agent, the photoresist 91 having a large
film thickness is formed in a region in which the drain
electrode 42, source electrode 43, and signal line are to be
formed and the photoresist 91 having a small film thickness
is integrally formed in a region in which the channel is
formed. In this case, the photoresist 91 can be formed by
changing an amount of exposure using different two masks,
one being used for leaving a half of the region and another
being used for leaving all the regions (see FIG. 20A).

[0215] Next, etching is performed sequentially on the
second metal film 93, n*-type a-Si layer 44b and a-Si layer
444 by the photoresist 91 as a mask (FIG. 20B). It is
preferable that, when the etching is performed on semicon-
ductor layer 44, a RIE is used in order to prevent side etching
of the n*-type a-Si layer 44b and a-Si layer 44a. Next, by
performing the etching on the photoresist 91 using an
oxygen (0O,) ashing method, a photoresist having the small
film thickness is removed (FIG. 20C).

[0216] By using the photoresist 91 that has been left and
has a larger thickness as a mask, etching is performed in a
portion of the second metal film 93 that serves as the channel
to form the drain electrode 42 and source electrode 43 (FIG.
20D).

[0217] Finally, after the removal of the photoresist 91, dry
etching is performed using the drain electrode 42 and the
source electrode 43 as a mask to remove the n*-type a-Si
layer 44b and a-Si layer 44a existing between the drain
electrode 42 and the source electrode 43 (see FIG. 16E) .
Moreover, this process may be performed at the same time
when the drain electrode 42 and source clectrode 43 are
formed (in the process shown in FIG. 20D).

[0218] Next, as shown in FIG. 18, the film made of silicon
nitride having a film thickness of 100 nm to 300 nm is
formed by plasma CVD to form the passivation film 54
(FIG. 18D and FIG. 7C).

[0219] Then, in the same way as in the first embodiment,
the insulating film 355 is formed and a process of changing
a shape of a surface of the, insulating film 355 is performed
(FIG. 18E and FIG. 7C).
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[0220] Then, patterning is performed, using photolithog-
raphy, on the source electrode 43, passivation film 54 on an
end portion of the signal line 12 formed on the gate
insulating film 53, scanning line terminal 13, signal line
terminal 16, terminal portion lower layer metal film 61 of the
common line terminal 18, passivation film 54 and the gate
insulating film 53 on the signal line drawing wiring (not
shown) to form each of contact holes 56, 62, and 65 (see
FIG. 19F, and FIG. 7D).

[0221] Next, an AI—Nd alloy film having a thickness of
100 nm to 300 nm is formed by sputtering and then
patterning is performed using photolithography to form the
reflective electrode 31, terminal portion connecting elec-
trode 63, and connecting electrode (not shown) to finish the
TFT substrate (FIG. 19G and 7E). Configurations of the
reflective electrode 31 and each of the connecting electrodes
66 and a material for the Al alloy are the same as shown in
the first embodiment.

[0222] Cross-sectional views of the signal line 12 and the
signal line drawing wiring 64 in the fourth embodiment are
the same as those shown in FIGS. 8A to 8F except that the
n*-type a-Si layer 44b and a-Si layer 444 are stacked below
the signal line 12 in a manner so as to have the same
configuration as the signal 12.

[0223] Thereafter, by the same method as in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished.

[0224] Thus, in the reflective-type LCD of the present
invention, since the mounting of the transparent pixel elec-
trode is not required, the number of photo-processes can be
reduced by one process by forming the reflective electrode
and terminal portion connecting electrode using an Al alloy
being excellent in resistance to pitting corrosion.

[0225] Fifth Embodiment

[0226] A semi-transparent reflective-type LCD of a fifth
embodiment will be described by referring to FIG. 21 to
FIG. 231, FIG. 21 is a plan view of a configuration of one
pixel portion on a TFT substrate 10 of the semi-transparent
reflective-type LCD of the fifth embodiment. FIGS. 22A to
22F are cross-sectional views of processes employed in a
method of manufacturing the TFT substrate 10 of the
semi-transparent reflective-type LCD, taken along a line
B-B of FIG. 21. FIGS. 23G to 231 are cross-sectional views
of processes employed in the method of manufacturing the
TFT substrate 10 of the semi-transparent reflective-type
LCD, taken along the line B-B of FIG. 21. A conceptual
diagram of configurations of the TFT substrate 10, a plan
view of its panel, a cross-sectional view of the panel in the
fifth embodiment are the same as those in the first embodi-
ment (FIG. 1 to FIG. 3), however, the semi-transparent
reflective-type LCD of the fifth embodiment differs from
those in the first embodiment in that a pixel electrode 101
made up of a transparent conductive film, together with a
reflective electrode 31, on the TFT substrate 10 is placed and
in that a polarizer (not shown) is placed on a surface on a
side being opposite to a surface being opposite to a facing
substrate (not shown) of the TFT substrate 10. A display is
achieved by using two types of light, one being reflective
light which enters from a rear side of the facing substrate and
is reflected off the reflective electrode 31 and is then emitted
to an outside and another being transmissive light which
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enters from a rear side of the TFT substrate 10 and transmits
through the transparent pixel electrode 101, liquid crystal
layer 36 (not shown), and the facing substrate and then is
emitted to an outside.

[0227] In the fifth embodiment, an example is shown in
which the TFT substrate 10 of the first embodiment is
employed as the TFT substrate in the semi-transparent
reflective-type LCD of the fifth embodiment which corre-
sponds to a pixel portion existing on a most outside sur-
rounding portion on a leftmost side in FIG. 1. Configura-
tions shown in FIGS. 7A to 7E and FIGS. 8A to 8F can be
used also in the fifth embodiment.

[0228] The method for manufacturing the TFT substrate
having above configurations is made up of seven processes
including, as shown in FIG. 22A to FIG. 231, (1) a process
of forming a metal film for the gate electrode 41 and of
performing patterning on it, (2) a process of forming the gate
insulating film 53, a-Si layer 44a, n*-type a-Si layer 44b and
a metal film for the drain electrode 42 and source electrode
43, and of performing patterning on the metal film of the
drain electrode 42 and source electrode 43, (3) a process of
forming a metal film for the drain electrode 42 and source
electrode 43 and of performing patterning on the metal film
of the drain electrode 42 and source electrode 43, (4) a
process of forming the passivation film 54 and insulating
film 55 and of performing patterning on them and of
changing a shape of a surface of the insulating film 55, (5)
a process of forming a transparent conductive film for the
pixel electrode 101 and of performing patterning on the
transparent conductive film of the pixel electrode 101, (6) a
process of performing patterning on the passivation film 54,
and (7) a process of forming a metal film for the reflective
electrode 31 and of performing patterning on the metal film
of the reflective electrode 31.

[0229] First, by totally the same method as used in the first
embodiment, the TFT is formed and the passivation film 54
and the insulating film 55 are formed on the TFT (sce FIGS.
22A to 22F, FIGS. 7A to 7C, and FIGS. 8A to 8D).

[0230] Next, a transparent conductive film made of ITO
having a thickness of 40 nm to 100 nm is formed by
sputtering and then patterning is performed using photoli-
thography to form a pixel electrode 101 (see FIG. 23G,
FIG. 7C, and FIG. 8D).

[0231] Next, by totally the same method as used in the first

embodiment, contact holes 56, 62, and 65 are formed in the
passivation film 54 (see FIG. 23H, FIG. 7D, and FIG. 8E).

[0232] Then, a metal film having a high melting point such
as Cr or Mo and having a thickness of 50 nm to 200 nm and
Al—Nd alloy film having a thickness of 100 nm to 300 nm
are sequentially formed by sputtering and patterning is
performed using photolithography on the films to form the
reflective electrode 31, terminal portion connecting elec-
trodes 63 and connecting electrodes 66 to complete the
manufacturing of the TFT substrate 10 (FIG. 23, FIG. 7E,
and FIG. 8F). In the film configuration of the reflective
electrode 31 and each of the connecting electrodes 66 of the
fifth embodiment, if the Al alloy film is used in a form of a
single layer, at a time of development in the photolithogra-
phy process, a cell reaction occurs between an ITO film of
the pixel electrode 101 and the Al alloy film which causes
peeling of the Al film, use of a metal film having a high
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melting point that serves as a reaction preventing layer
formed in a layer below the Al alloy film is required. The
material for the Al alloy used in the first embodiment is used
in the fifth embodiment.

[0233] Thereafter, by the same method as in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished.

[0234]

[0235] A semi-transparent reflective-type LCD of a sixth
embodiment will be described by referring to FIG. 24 to
FIGS. 26A to 26G. FIG. 24 is a plan view of configurations
of one pixel portion on a TFT substrate 10 of the semi-
transparent reflective-type LCD according to the sixth
embodiment of the present invention. FIGS. 25A to 25D are
cross-sectional views of processes employed in a method of
manufacturing the TFT substrate 10 of the semi-transparent
reflective-type LCD, taken along a line B-B of FIG. 24.
FIGS. 26E, 26F and 26G are cross-sectional views of
processes employed in the method of manufacturing the TFT
substrate 10 of the semi-transparent reflective-type L.CD,
taken along the line B-B of FIG. 24. A conceptual diagram
of configurations of the TFT substrate 10, a plan view of a
panel, a cross-sectional view of the panel in the sixth
embodiment are the same as those in the fifth embodiment
(FIG. 1 to FIG. 3) and their descriptions are omitted
accordingly. In the sixth embodiment, an example is shown
in which the TFT substrate 10 of the first embodiment is
employed as the TFT substrate 10 in the semi-transparent
reflective-type LCD of the fifth embodiment which corre-
sponds to a pixel portion existing on a most outside sur-
rounding portion on a leftmost side in FIG. 1. Configura-
tions shown in FIGS. 7A to 7E and FIGS. 8A to 8F can be
used also in the sixth embodiment.

[0236] The method for manufacturing the TFT substrate
10 having above configurations is made up of six processes
including, as shown in FIG. 25A to FIG. 26G, FIG. 7 and
FIG. 8, (1) a process of forming a metal film for the gate
electrode 41, a gate insulating film 53 and a-Si layer 444,
and of performing patterning on them, (2) a process of
forming a first protective film 81 and a metal film for a signal
line 12 and of patterning on them, (3) a process of forming
a second protective film 82 and insulating film 55, and of
performing patterning on the insulating film 55 and of
changing a shape of a surface of the insulating film, (4) a
process of forming a transparent conductive film of a pixel
electrode 101 and of performing patterning on it, (5) a
process of performing patterning on the first protective film
81 and second protective film 82, and (6) a process of doping
with an element exhibiting a valence of V and of forming
metal films for a drain electrode 42, source electrode 43, and
reflective electrode 31 and of performing patterning on
them.

[0237] First, by totally the same method as in the second
embodiment, the TFT is formed and the second protective
film 82 and the insulating film 55 are formed on the TFT (see
FIGS. 25A to 25D, FIGS. 7A to 7C, and FIGS. 8A to 8D).

[0238] Next, a transparent conductive film made of ITO
having a thickness of 40 nm to 100 nm is formed by
sputtering and then patterning is performed using photoli-
thography to form a pixel electrode 101 (see FIG. 26E, FIG.
7C, and FIG. 8D).

Sixth Embodiment
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[0239] Next, by totally the same method as in the first
embodiment, contact holes 56, 62, and 65 are formed in the

first protective film 81, second protective film 82 (see FIG.
26F, FIG. 7D, and FIG. 8E).

[0240] Then, a metal film having a high melting point such
as Cr or Mo and having a thickness of 50 nm to 200 nm and
Al—Nd alloy film having a thickness of 100 nm to 300 nm
are sequentially formed by sputtering and then patterning is
performed using photolithography on the films to form the
reflective electrode 31, terminal portion connecting elec-
trodes 63 and connecting electrodes 66 and 83 to finish the
manufacturing of the TFT substrate 10 (FIG. 26G, FIG. 7E,
and FIG. 8F) . In the embodiment, the film configurations
of the reflective electrode 31 and each of the connecting
electrodes 66 and 83 described in the fifth embodiment are
employed and also the material for the Al alloy used in the
first embodiment is used.

[0241] Thereafter, by the same method as in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished

[0242]

[0243] A semi-transparent reflective-type LCD of a sev-
enth embodiment will be described by referring to FIG. 24
to FIGS. 26A to 26G. FIG. 27 is a plan view of configu-
rations of one pixel portion on a TFT substrate 10 of a
semi-transparent reflective-type LCD according to the sev-
enth embodiment of the present invention. FIGS. 28A to
28E are cross-sectional views of processes employed in a
method of manufacturing the TFT substrate 10 of the
semi-transparent reflective-type LCD, taken along a line
B-B of FIG. 27. FIGS. 29F, 29G and 26H are cross-
sectional views of processes employed in the method of
manufacturing the TFT substrate 10 of the semi-transparent
reflective-type LCD, taken along the line B-B of FIG. 27. A
conceptual diagram of configurations of the TFT substrate
10, a plan view of a panel, a cross-sectional view of the panel
in the seventh embodiment are the same as those in the fifth
embodiment (FIG. 1 to FIG. 3) and their descriptions are
omitted accordingly. In the seventh embodiment, an
example is shown in which the TFT substrate 10 of the third
embodiment is employed as the TFT substrate 10 in the
semi-transparent reflective-type LCD of the seventh
embodiment which corresponds to a pixel portion existing
on a most outside surrounding portion on a leftmost side in
FIG. 1. Configurations shown in FIGS. 7A to 7E can be
used also in the seventh embodiment.

[0244] The method for manufacturing the TFT substrate
10 having above configurations is made up of six processes
including, as shown in FIG. 28A to FIG. 29H, (1) a process
of forming a metal film for a gate electrode 41 and of
performing patterning on the metal film of the gate electrode
41, (2) a process of forming a gate insulating film 53, a-Si
layer 44a, and n*-type a-Si layer 44b, metal films for a drain
electrode 42 and a source electrode 43, and of performing
patterning on them, and of performing patterning of the
n*-type a-Si layer 44b and a-Si layer, (3) a process of
forming a passivation film 54 and an insulating film 55, of
performing patterning on them and of changing a shape of
a surface of the insulating film 55, (4) a process of forming
a transparent conductive film for the pixel electrode 101 and
of performing patterning on the transparent conductive film
of the pixel electrode 101, (5) a process of performing

Seventh Embodiment
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patterning on the passivation film 54, and (6) a process of
forming a metal film for the reflective electrode 31 and
performing patterning on the metal film of the reflective
electrode 31.

[0245] First, by totally the same method as used in the
third embodiment, the TFT is formed and the passivation
film 54 and the insulating film 55 are formed on the TFT
(FIGS. 28A to 25E, FIGS. 7A to 7C).

[0246] Next, a transparent conductive film made of ITO
having a thickness of 40 nm to 100 nm is formed by
sputtering and then patterning is performed using photoli-
thography to form a pixel electrode 101 (see FIG. 29F and
FIG. 7C).

[0247] Next, by totally the same method as used in the
third embodiment, contact holes 56, 62, and 65 (not shown)
are formed in the passivation film 54 (see FIG. 29G and
FIG. 7D).

[0248] Then, a metal film having a high melting point such
as Cr or Mo and having a thickness of 50 nm to 200 nm and
Al—Nd alloy film having a thickness of 100 nm to 300 nm
are sequentially formed by sputtering and then patterning is
performed using photolithography on the above films to
form the reflective electrode 31, terminal portion connecting
electrodes 63 and connecting electrodes (not shown) to
complete the manufacturing of the TFT substrate 10 (FIG.
29H and FIG. 7E).

[0249] 1In the seventh embodiment, the film configurations
of the reflective electrode 31 and each of the connecting
¢lectrodes 66 and 83 described in the fifth embodiment are
employed and also the material for the Al alloy used in the
first embodiment is used. Cross-sectional views of the signal
line 12 and the signal line drawing wiring 64 in the seventh
embodiment, though not shown here, are the same as those
shown in FIGS. 8A to 8F except that the n*-type a-Si layer
44b and a-Si layer 444 are stacked below the signal line 12
in a manner so as to have the same configuration as the
signal 12.

[0250] Thereafter, by the same method as used in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished

[0251]

[0252] A semi-transparent reflective-type LCD of an
eighth embodiment will be described by referring to FIG. 30
to FIGS. 32F to 32H. FIG. 30 is a plan view of configu-
rations of one pixel portion on a TFT substrate 10 of a
semi-transparent reflective-type LCD according to a seventh
embodiment of the present invention. FIGS. 31A to 31E are
cross-sectional views of processes employed in a method of
manufacturing the TFT substrate of the semi-transparent
reflective-type LCD, taken along a line B-B of FIG. 30.
FIGS. 32F, 32G and 32H are cross-sectional views of
processes employed in the method of manufacturing the TFT
substrate 10 of the semi-transparent reflective-type L.CD,
taken along the line B-B of FIG. 30. A conceptual diagram
of configurations of the TFT substrate 10, a plan view of a
panel, a cross-sectional view of the panel in the eighth
embodiment are the same as those in the fifth embodiment
(FIG. 1 to FIG. 3) and their descriptions are omitted
accordingly. In the seventh embodiment, an example is
shown in which the TFT substrate 10 of the first embodiment

Eighth Embodiment
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is employed as the TFT substrate 10 in the semi-transparent
reflective-type LCD of the fifth embodiment which corre-
sponds to a pixel portion existing on a most outside sur-
rounding portion on a leftmost side in FIG. 1. Configura-
tions shown in FIGS. 7A to 7E and FIGS. 8A to 8F can be
used also in the seventh embodiment.

[0253] The method for manufacturing the TFT substrate
10 having above configurations is made up of six processes
including, as shown in FIG. 31A to FIG. 32H, (1) a process
of forming a metal film for a gate electrode 41 and of
performing patterning on it, (2) a process of forming a gate
insulating film 53, a-Si layer 44a and n*-type a-Si layer 44b,
metal films for a drain electrode 42 and a source electrode
43, and of performing patterning on the metal film of a drain
electrode 42 and the metal film of a source electrode 43,
n*-type a-Si layer 44b, and a-Si layer 4da, on the drain
electrode 42 and source electrode 43 (channel forming), (3)
a process of forming a passivation film 54 and insulating
film 55, of performing patterning on them and of changing
a shape of a surface of the insulating film 55, (4) a process
of forming a transparent conductive film for a pixel elec-
trode 101 and of performing patterning on the transparent
conductive film of the pixel electrode 101, (5) a process of
performing patterning on the passivation film 54, and (6) a
process of forming a metal film for a reflective electrode 31
and of performing patterning on the metal film of the
reflective electrode 341.

[0254] First, by totally the same method as used in the
fourth embodiment, the TFT is formed and the passivation
film 54 and the insulating film 55 are formed on the TFT (see
FIGS. 31A to 31E, FIGS. 7A to 7C).

[0255] Next, a transparent conductive film made of ITO
having a thickness of 40 nm to 100 nm is formed by
sputtering and then patterning is performed using photoli-
thography to form a pixel electrode 101 (see FIG. 32F and
FIG. 7C).

[0256] Then, by the same method as used in the fourth
embodiment, contact holes 56, 62 (not shown), and 65 (not
shown) are formed in the passivation film 54 (see FIG. 32G
and FIG. 7D).

[0257] Then, a metal film having a high melting point such
as Cr or Mo and having a thickness of 50 nm to 200 nm and
Al—Nd alloy film having a thickness of 100 nm to 300 nm
are sequentially formed by sputtering and patterning is
performed using photolithography on the above films to
form the reflective electrode 31, terminal portion connecting
electrodes 63 and connecting electrodes 66 (not shown) to
complete the manufacturing of the TFT substrate 10 (FIG.
32H and FIG. 7E).

[0258] In the eighth embodiment, the film configurations
of the reflective electrode 31 and each of the connecting
electrodes 66 and 83 described in the fifth embodiment are
employed and also the material for the Al alloy used in the
first embodiment is used. Cross-sectional views of the signal
line 12 and the signal line drawing wiring 64 in the eighth
embodiment, though not shown here, are the same as those
shown in FIGS. 8A to 8F except that the n*-type a-Si layer
44b and a-Si layer 444 are stacked below the signal line 12
in a manner so as to have the same configuration as the
signal 12.
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[0259] Thereafter, by the same method as used in the first
embodiment, the LCD panel is manufactured and the reflec-
tive-type LCD of the present invention is finished

[0260] Thus, in the semi-transmissive reflective-type
LCD, since a transparent pixel electrode has to be formed,
unlike in the case of the reflective-type LCD as shown in the
first to fourth embodiments, though the number of the
photo-processes cannot be reduced, by using an Al alloy as
a material for the terminal connecting electrode, it is not
necessary to leave an ITO film at a terminal portion and
therefore it is possible to reduce a risk of occurrence of
peeling of Al film caused by a cell reaction between the [TO
film and the Al alloy film described above. Moreover, it is
needless to say that, in the fifth to eighth embodiments, the
terminal portion connecting electrode may be formed using
ITO. In this case, the process of forming the pixel electrode
has to be performed after the contact holes have been
formed.

[0261] Moreover, in the above embodiments, an example
is shown in which gentle convex and concave portions and
contact holes are simultaneously formed using the insulating
film 55, however, as shown in FIG. 33 to FIG. 36, the
convex and concave portions are formed by a first insulating
film 111 and planarization and forming of contact holes may
be performed using a second insulating film 112.

[0262] FIG. 33 is a cross sectional view of the TFT
portion obtained when the manufacturing method using each
of the first insulating film 111 and second insulating film 112
separately is applied to the second embodiment (that is,
cross-sectional view taken along a line B-B in a plan view
of the one pixel portion). FIG. 34 is a cross sectional view
of the TFT portion obtained when the manufacturing method
using each of the first insulating film 111 and second
insulating film 112 separately is applied to the third and
fourth embodiments (that is, cross-sectional view of the TET
portion, taken along the line B-B in a plan view of the one
pixel portion). FIG. 35 is a cross sectional view of the TFT
portion obtained when the manufacturing method using each
of the first insulating film 111 and second insulating film 112
separately is applied to the sixth embodiment (that is,
cross-sectional view of the TFT portion, taken along the line
B-B in a plan view of the one pixel portion). FIG. 36 is a
cross sectional view of the TFT portion obtained when the
manufacturing method using each of the first insulating film
111 and second insulating film 112 separately is applied to
the seventh and eighth embodiments (that is, cross-sectional
view of the TFT portion, taken along the line B-B in a plan
view of the one pixel portion).

[0263] This manufacturing process is performed in each of
the above embodiments in a following manner. For example,
coat of a photosensitive novolac resin with a thickness of 1
ym to 3 um is put on a substrate and patterning using
photolithography and using an alkaline developing agent is
performed to form the first insulating film 111 in an irregular
manner in a display region. As the first insulating film 111,
both a resin being photosensitive and a resin being not
photosensitive may be used. Formation in the case of using
the non-photosensitive resin includes (1) a process of putting
coat of the first insulating film 111 on a substrate, (2) a
process of putting a resist to be used for patterning on the
first insulating film 111, (3) a process of performing expo-
sure, (4) a process of performing development, (5) a process
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of performing etching and (6) a process of peeling off a
resist- On the other hand, the formation in the case of using
the photosensitive resin includes (1) a process of putting
coat of the first insulating film 111, (2) a process of per-
forming exposure, and (3) a process of performing devel-
opment and therefore the processes of forming the resist and
peeling off the resist can be omitted.

[0264] Next, by the same method as used in the first
embodiment, the process of changing a shape of a surface is
performed on the first insulating film 111 to form a gentle
convex portion.

[0265] Then, for example, coat of photosensitive novolac
resin with a thickness of 0.3 ym to 1.5 um is put on a
substrate and patterning using photolithography and an
alkaline developing agent and is performed and burning is
performed at about 200° C. to 250° C. to form the second
insulating film 112, while a pixel portion contact hole 45
(not shown) is formed so as to correspond to a contact hole
56 (not shown) formed on the passivation film 54 on the
source electrode 43.

[0266] In the embodiment, as the material for the first
insulating film 111 and the second insulating film 112, the
novolac organic resin is used. For example, “PC403” manu-
factured by JSR Co., in Japan. However, use of a material of
a same kind for the insulating film 111 and the second
insulating film 112 is not required and a material of a
different kind may be used. Moreover, not only single use of
the novolac resin but also combined use of an inorganic resin
and an organic resin such as a combination of an acrylic
resin and a polyimide resin, a combination of a silicon
nitride film and an acrylic resin, a combination of a silicon
oxide film and a polyimide resin are employed to form a
desired convex and concave portion.

[0267] Moreover, in the above embodiments, an example
is shown in which the formation of the contact hole of the
insulating film 55 or the second insulating film 112 and the
formation of the gate insulating film 53 and contact hole of
the passivation film 54 or contact holes of the first protective
film 81 and second protective film 82 are performed by a
separate process. However, by performing dry etching, at a
high selective rate, on the gate insulating film 53 and
passivation film 54, or the first protective film 81 and second
protective film 82, using the insulating film 55 or the second
insulating film 112 as a mask, it is possible to reduce the
number of photo-processes by one process.

[0268] Moreover, in the above embodiments, each of the
scanning line terminal 15, signal line terminal 16, and
common line terminal 18 is constructed of the terminal
portion lower layer metal film 61 formed at the same time
when the scanning line 11 is formed and the terminal portion
connecting electrode 63 being connected through the termi-
nal portion contact hole 62 to the terminal portion lower
layer metal film 61, however, in the second and sixth
embodiments, except a case in which the second protective
film 82 is not formed, the terminal portion lower layer metal
film 61 may be formed at the same time when the signal line
12 is formed. If the terminal portion lower layer metal film
61 is formed at the same when the scanning line 11 is
formed, since the gate insulating film 53 is stacked, the
terminal portion lower layer metal film 61 becomes more
resistant against a crack, when compared with a case in
which it is formed at the same time when the signal line 12
is formed, thus improving reliability.
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[0269] Finally, data on which designation of values
employed in the present invention will be described. FIG.
37 is a graph showing a time-varying change in pitting
corrosion density of pure Al and various Al alloys. Test
results of changes in the pitting corrosion density obtained
when, as metals of the terminal portion connecting elec-
trode, pure Al, an Al—Nd (0.9% by atom) alloy, Al—Ti (2%
by atom) alloy, Al—Cr (2% by atom) alloy, Al—Ta (2% by
atom) alloy, and AI—Nb (2% by atom) alloy are used
indicate that, in the case of using pure Al and an AlI—Nb
alloy, when 1000 hours elapse in the test at a high tempera-
ture of 85° C. and at a high humidity of 85%, pitting
corrosion density is remarkably high, while, in the case of
using Al—Cr alloy and Al—Nd alloy, when 200 hours to
1000 hours elapse in the above test, pitting corrosion density
remains constant (that is, being saturated) . Therefore, the
Al—Cr alloy or AI—Nd alloy is preferably used. Moreover,
when the Al—Ti alloy or Al—Ta alloy is used, the pitting
corrosion density can be reduced to a half or less, compared
with a case in which the pure Al or Al—Nb alloy is used.

[0270] FIG. 38 is a graph showing time-varying changes
in pitting corrosion density of the AI—Nd alloy film and
Al—Ti alloy film. Test results of changes in the pitting
corrosion density obtained when, as metals of the terminal
portion connecting electrode, an Al—Nd (0.9% by atom)
alloy (with resin coating), Al—Nd (0.9% by atom) alloy
(without resin coating), Al—Ti (2% by atom) alloy (with
resin coating), and Al—Ti (2% by atom) alloy are used
indicate that, by providing the resin coating, resistance
against corrosion can be improved.

[0271] In the case of using the Al—Nd alloy, when 2000
hours elapse in the test at a high temperature of 85° C. and
at a high humidity of 85%, pitting corrosion does not occur.
When the resin coating is not provided, since a diameter of
a pitting corrosion is about 10 um to 70 um, by coating the
resin with the AI—Nd alloy, reliability can be remarkably
improved.

[0272] Tt scems that the pitting corrosion is caused by a
chemical change from Al to aluminum hydroxide (Al(OH),)
or aluminum oxide (Al,O5) due to ions.

[0273] Therefore, by using an alloy of Al and any of Nd,
Ti, Cr, and Ta or alloy of Al and a plurality of these elements,
as the material of the terminal portion connecting electrode,
reliability in connection at the terminal portion can be
improved. When Nd is singly added to the Al alloy, the alloy
preferably contains 0.9% or more by atom of Nd. When
other elements are added to the Al alloy, the alloy preferably
contains 2% or more, in a total amount, by atom of other
¢lements.

[0274] Thus, in the reflective-type LCD or in the semi-
transmissive reflective-type LCD of the present invention,
since the reflective electrode and least one connecting por-
tion of the terminal portion connecting electrode are con-
sisting essentially of an alloy of Al and Nd, Al and Ti, Al and
Cr, or Al and Ta in any case of which the alloy mainly
contains Al or of an alloy of Al and a plurality of elements
including Nd, Ti, Cr, and Ta, in which the alloy mainly
contains Al and in which the alloy contains 2% or more by
atom of these elements or the alloy contains 0.9% or more
by atom of Nd, reliability in connection in terminal portions
can be ensured and the number of processes for the TFT can
be reduced.
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[0275] 1t is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention. For example, in the above embodiments, as the
switching element, inverted staggered-type TFT is used,
however, a forward staggered-type TFT may be used. More-
over, not only the staggered-type TFT but also coplanar-type
TFT may be used. Also, a polycrystalline (p-Si) TFT can be
used. As the switching element, instead of the TFT, an MIM
(Metal Insulator Metal) may be used. Furthermore, as the
substrate having the switching element and facing substrate,
instead of glass substrate, other substrates such as a plastic
substrate, ceramic substrate, semiconductor substrate
(except in the case of the semi-transmissive reflective type
LCD) or a like may be employed.

What is claimed is:

1. A method for manufacturing a liquid crystal display
serving as a reflective-type liquid crystal display having a
reflective electrode formed on one substrate out of a pair of
substrates being placed in such a manner to face each other
with a liquid crystal layer being interposed between said pair
of said substrates and operating to reflect incident light
emitted from an other substrate on which said reflective
electrode is not formed, said method comprising:

a process of simultaneously forming said reflective elec-
trode and a terminal portion connecting electrode to be
formed in a terminal portion both being made up of an
alloy mainly containing Al and being excellent in
resistance against pitting corrosion or of both a metal
having a high melting point and an alloy mainly
containing Al being excellent in resistance against
pitting corrosion formed and stacked in a layer on said
metal having a high melting point.

2. A method for manufacturing the liquid crystal display
according to claim 1, wherein an element or elements to be
added to said alloy containing mainly Al include any one of
Nd (Neodymium), Ti (Titanium), Cr (Cromium), and Ta
(Tantalum), or at least one group selected from groups
consisting essentially of a plurality of elements including
Nd, Ti, Cr, and Ta.

3. The method for manufacturing the liquid crystal display
according to claim 2, wherein said alloy contains 2% or
more, in a total amount, of said plurality of said elements to
be added to said alloy.

4. The method for manufacturing the liquid crystal display
according to claim 3, wherein said alloy contains 0.9% or
more by atom of said Nd.

5. The method for manufacturing the liquid crystal display
according to claim 1, wherein a connecting portion in which
said terminal portion connecting electrode is connected to an
external driving circuit is coated with a resin.

6. The method for manufacturing the liquid crystal display
according to claim 1, comprising:

a process of forming a gate electrode, a scanning line, and
a terminal portion lower metal layer on a transparent
insulating substrate;

a process of forming a gate insulating film on an entire
surface of said transparent insulating substrate and then
forming a semiconductor layer in a position being
opposite to said gate electrode;

a process of forming a source electrode, a drain electrode,
and a signal line;
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a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
forming an insulating film on said passivation film and
forming, by changing an integration value of an amount
of exposure for every specified region, contact holes in
said insulating film over said source electrode and
forming, at a same time, convex and concave portions
in a display region;

a process of forming contact holes in said passivation film
over said source electrode and said terminal portion
lower layer metal film; and

a process of simultaneously forming said reflective elec-
trode to be connected to said source electrode and said
terminal portion connecting electrode to be connected
to said terminal portion lower layer metal film, both
being made up of an alloy mainly containing Al or of
both a metal having a high melting point and an alloy
mainly containing Al and being formed and stacked in
a layer on said metal having a high melting point.

7. The method for manufacturing the liquid crystal display

according to claim 1, further comprising;

a process of forming a gate electrode, a scanning line, and
a terminal portion lower layer metal film on a trans-
parent insulating substrate;

a process of sequentially forming a gate insulating film, a
semiconductor layer, and a metal layer in this order on
said transparent insulating substrate and forming, by
using a photoresist having a plurality of regions each
having a different thickness which has been formed by
changing an integration value of an amount of exposure
for every specified region, a source electrode and a
drain electrode after having formed a signal line and
said semiconductor layer;

a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
a first insulating film on said passivation film and
forming convex and concave portions in a display
region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in said second insulating film on
said source electrode and, at a same time, of removing
at least said second insulating film on said terminal
portion lower layer metal film;

a process of forming contact holes in said source electrode
and in said passivation film over said terminal portion
lower layer metal film; and

a process of forming a reflective electrode to be connected
to said source electrode and said terminal portion
connecting electrode to be connected to said terminal
portion lower layer metal film both being made up of an
alloy mainly containing Al or a metal having a high
melting point and an alloy mainly containing Al being
formed and stacked on said metal having a high melting
point.

8. The method for manufacturing the liquid crystal display
according to claim 6, wherein both said process of forming
contact holes in said first insulating film or said second
insulating film and said process of forming said contact
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holes in said passivation film or in said protective film are
performed by one time etching.

9. A method for manufacturing a liquid crystal display
serving as a semi-transmissive reflective-type liquid crystal
display having a reflective electrode formed on one substrate
out of a pair of substrates being placed in such a manner to
face each other with a liquid crystal layer being interposed
between said pair of said substrates and operating to reflect
incident light emitted from an other substrate on which said
reflective electrode is not formed and having a pixel elec-
trode through which incident light enters from a side of said
one substrate passes, said method comprising;

a process of simultaneously forming said reflective elec-
trode and a terminal portion connecting electrode to be
formed in a terminal portion both being made up of a
metal having a high melting point and an alloy mainly
containing Al and being excellent in resistance against
pitting corrosion and being formed and stacked in a
layer on said metal having a high melting point.

10. A method for manufacturing the liquid crystal display
according to claim 9, wherein an element or elements to be
added to said alloy containing mainly Al include any one of
Nd (Neodymium), Ti (Titanium), Cr (Cromium), and Ta
(Tantalum), or at least one group selected from groups
consisting essentially of a plurality of elements including
Nd, Ti, Cr, and Ta.

11. The method for manufacturing the liquid crystal
display according to claim 10, wherein said alloy contains
2% or more, in a total amount, of said plurality of said
elements to be added to said alloy.

12. The method for manufacturing the liquid crystal
display according to claim 11, wherein said alloy contains
0.9% or more by atom of said Nd.

13. The method for manufacturing the liquid crystal
display according to claim 9, wherein a connecting portion
in which said terminal portion connecting electrode is con-
nected to an external driving circuit is coated with a resin.

14. The method for manufacturing the liquid crystal
display according to claim 9, comprising:

a process of forming a gate electrode, a scanning line, and
a terminal portion lower layer metal film on a trans-
parent insulating substrate;

a process of forming a gate insulating film on an entire
surface of said transparent insulating substrate and
forming a semiconductor layer in a position being
opposite to said gate electrode;

a process of forming a source electrode, a drain electrode,
and a signal line;

a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
forming an insulating film on said passivation film and
forming, by changing an integration value of an amount
of exposure for every specified region, contact holes in
said insulating film over said source electrode and, at a
same time, convex and concave portions in a display
region;

a process of forming contact holes in said passivation film
over said source electrode and said terminal portion
lower layer metal film;

a process of forming a pixel electrode made up of a
transparent conductive film; and
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a process of simultaneously forming said reflective elec-
trode to be connected to said source electrode and said
pixel electrode, and said terminal portion connecting
electrode to be connected to said terminal portion lower
layer metal film, both being made up of both a metal
having a high melting point and an alloy mainly
containing Al being formed and stacked in a layer on
said metal having a high melting point.

15. The method for manufacturing the liquid crystal

display according to claim 9, further comprising:

a process of forming a gate electrode, a scanning line, and
a terminal portion lower layer metal film on a trans-
parent insulating substrate;

a process of sequentially forming a gate insulating film, a
semiconductor layer, and a metal layer in this order on
said transparent insulating substrate and forming, by
using a photoresist having a plurality of regions each
having a different thickness which has been formed by
changing an integration value of an amount of exposure
for every specified region, a source electrode and a
drain electrode after having formed a signal line and a
semiconductor layer;

a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
a first insulating film and forming convex and concave
portions in a display region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in said second insulating film on
said source electrode and, at a same time, of removing
at least said second insulating film on said terminal
portion lower layer metal film;

a process of forming a pixel electrode made up of a
transparent conductive film;

a process of forming contact holes in said source electrode
and in said passivation film on said terminal portion
lower layer metal film; and

a process of forming a reflective electrode to be connected
to said source electrode and to said pixel electrode and
said terminal portion connecting electrode to be con-
nected to said terminal portion lower layer metal film
both being made up of both a metal having a high
melting point and an alloy mainly containing Al being
formed and stacked in a layer on said metal having a
high melting point.

16. The method for manufacturing the liquid crystal
display according to claim 14, wherein both said process of
forming contact holes in said first insulating film or said
second insulating film and said process of forming said
contact holes in said passivation film or in said protective
film are performed by one time etching.

17. A method for manufacturing a liquid crystal display
comprising:

a process of sequentially forming a metal layer, a gate
insulating film, and a semiconductor layer, in this order,
on a transparent insulating substrate and forming, by
using a photoresist having a plurality of regions each
having a different thickness which has been formed by
changing an integration value of an amount of exposure
for every specified region, a stacked-layer film made up
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of a gate electrode, said gate insulating film, and a
semiconductor layer each having a same shape as said
gate electrode, and a scanning line and a terminal
portion lower layer metal film;

a process of forming a signal line after having formed a
protective film on an entire surface of said transparent
insulating substrate;

a process of forming a first insulating film on an entire
surface of said transparent insulating substrate and
forming convex and concave portions in a display
region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in places facing each other on
said semiconductor layer and in said second insulating
film on a signal line existing in a vicinity and, at a same
time, of removing at least said second insulating film on
said terminal portion lower layer metal film;

a process of forming contact holes in places facing each
other on said semiconductor layer and in said protective
film on said terminal portion lower layer metal film;

a process of doping said semiconductor layer with an
element having a valence of V through said contact
hole formed in said protective film to form a source
region and a drain region; and

a process of integrally forming a source electrode and a
reflective electrode to be connected to said source
region and a drain electrode to be connected to said
drain region, and a connecting electrode connecting
said drain electrode to said signal line, all of which are
made up of both a metal having a high melting point
and an alloy mainly containing Al being formed and
stacked in a layer on said metal having a high melting
point.

18. The method for manufacturing the liquid crystal
display according to claim 17, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said reflective electrode.

19. The method for manufacturing the liquid crystal
display according to claim 17, wherein, in said processes of
forming said first and second insulating films, both said
process of forming convex and concave portions in said first
insulating film and said process of forming contact holes in
said second insulating film are simultaneously performed by
changing an integration value of an amount of exposure for
every specified region.

20. The method for manufacturing the liquid crystal
display according to claim 17, wherein both said process of
forming contact holes in said first insulating film or said
second insulating film and said process of forming said
contact holes in said passivation film or in said protective
film are performed by one time etching.

21. A method for manufacturing a liquid crystal display
comprising;

a step of sequentially forming a metal layer, a gate
insulating film, and a semiconductor layer, in this order,
on a transparent insulating substrate and then forming,
by using a photoresist having a plurality of regions each
having a different thickness which has been formed by

21
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changing an integration value of an amount of exposure
for every specified region, a stacked-layer film made up
of a gate electrode, said gate insulating film, and a
semiconductor layer each having a same shape as said
gate electrode, and a scanning line and a terminal
portion lower layer metal film;

a process of forming a signal line after having formed a
protective film on an entire surface of said transparent
insulating substrate;

a process of forming a first insulating film on an entire
surface of said transparent insulating substrate and
forming convex and concave portions in a display
region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in places facing each other on
said semiconductor layer and in said second insulating
film on a signal line existing in a vicinity and, at a same
time, of removing at least said second insulating film on
said terminal portion lower layer metal film;

a process of forming a pixel electrode made up of a
transparent conductive film;

a process of forming contact holes in places facing each
other on said semiconductor layer and in said protective
film on said terminal portion lower layer metal film;

a process of doping said semiconductor layer with an
element having a valence of V through said contact
hole formed in said protective film to form a source
region and a drain region; and

a process of integrally forming a source electrode to be
connected to said source region and a reflective elec-
trode to be connected to said pixel electrode, a drain
electrode to be connected to said drain region, and a
connecting electrode connecting said drain electrode to
said signal line, all of which are made up of both a
metal having a high melting point and an alloy mainly
containing Al being formed and stacked in a layer on
said metal having a high melting point.

22. The method for manufacturing the liquid crystal
display according to claim 21, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said reflective electrode.

23. The method for manufacturing the liquid crystal
display according to claim 21, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said pixel electrode.

24. The method for manufacturing the liquid crystal
display according to claim 21, wherein, in said processes of
forming said first and second insulating films, both said
process of forming convex and concave portions in said first
insulating film and said process of forming contact holes in
said second insulating film are simultaneously performed by
changing an integration value of an amount of exposure for
every specified region.

25. The method for manufacturing the liquid crystal
display according to claim 21, wherein both said process of
forming contact holes in said first insulating film or said
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second insulating film and said process of forming said
contact holes in said passivation film or in said protective
film are performed by one time etching.

26. A method for manufacturing a liquid crystal display
comprising:

a process of forming a gate electrode, a scanning line, and
a terminal portion lower layer metal film on a trans-
parent insulating substrate;

a process of sequentially forming a gate insulating film, a
semiconductor layer, and a metal layer in this order, on
said transparent insulating substrate and then forming,
by using a photoresist having a plurality of regions each
having a different thickness which has been formed by
changing an integration value of an amount of exposure
for every specified region, a semiconductor layer after
having formed a source electrode, a drain electrode,
and a signal line;

a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
a first insulating film and forming convex and concave
portions in a display region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in said second insulating film on
said source electrode and, at a same time, of removing
at least said second insulating film on said terminal
portion lower layer metal film;

aprocess of forming contact holes in said passivation film
over said source electrode and said terminal portion
lower layer metal film; and

a process of simultaneously forming a reflective electrode
to be connected to said source electrode made up of an
alloy mainly containing Al or of both a metal having a
high melting point and an alloy mainly containing Al
being formed and stacked on said metal having a high
melting point.

27. The method for manufacturing the liquid crystal
display according to claim 25, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said reflective electrode.

28. The method for manufacturing the liquid crystal
display according to claim 25, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said pixel electrode.

29. The method for manufacturing the liquid crystal
display according to claim 25, wherein, in said processes of
forming said first and second insulating films, both said
process of forming convex and concave portions in said first
insulating film and said process of forming contact holes in
said second insulating film are simultaneously performed by
changing an integration value of an amount of exposure for
every specified region.

30. The method for manufacturing the liquid crystal
display according to claim 25, wherein both said process of
forming contact holes in said first insulating film or said
second insulating film and said process of forming said
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contact holes in said passivation film or in said protective
film are performed by one time etching.

31. A method for manufacturing a liquid crystal display
comprising;

a process of forming a gate electrode, a scanning line, and
a terminal portion lower layer metal film on a trans-
parent insulating substrate;

a process of sequentially forming a gate insulating film, a
semiconductor layer, and a metal layer in this order and
then forming, by using a photoresist having a plurality
of regions each having a different thickness which has
been formed by changing an integration value of an
amount of exposure for every specified region, a semi-
conductor layer after having formed a source electrode,
a drain electrode, and a signal line;

a process of forming a passivation film on an entire
surface of said transparent insulating substrate and then
a first insulating film and then forming convex and
concave portions in a display region;

a process of forming a second insulating film on an entire
surface of said transparent insulating substrate and
forming contact holes in said second insulating film
over said source electrode and, at a same time, of
removing at least said second insulating film on said
terminal portion lower layer metal film;

&

process of forming a pixel electrode made up of a
transparent conductive film;

a process of forming contact holes in said source electrode
and in said passivation film over said terminal portion
lower layer metal film; and

a process of forming said source electrode and said
reflective electrode to be connected to said reflective
electrode both being made up of both a metal having a
high melting point and an alloy mainly containing Al
being formed and stacked in a layer on said metal
having a high melting point.

32. The method for manufacturing the liquid crystal
display according to claim 31, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said reflective electrode.

33. The method for manufacturing the liquid crystal
display according to claim 31, further comprising a process
of simultaneously forming both said terminal portion con-
necting electrode being formed on a terminal portion and
being connected to said terminal portion lower metal film
and said pixel electrode.

34. The method for manufacturing the liquid crystal
display according to claim 31, wherein, in said processes of
forming said first and second insulating films, both said
process of forming convex and concave portions in said first
insulating film and said process of forming contact holes in
said second insulating film are simultaneously performed by
changing an integration value of an amount of exposure for
every specified region.

35. The method for manufacturing the liquid crystal
display according to claim 31, wherein both said process of
forming contact holes in said first insulating film or said
second insulating film and said process of forming said
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contact holes in said passivation film or in said protective
film are performed by one time etching.

36. A liquid crystal display serving as a reflective-type
liquid crystal display having a reflective electrode being
formed on one substrate out of a pair of substrates being
placed in such a manner to face each other with a liquid
crystal layer being interposed between said pair of said
substrates and operating to reflect incident light emitted
from an other substrate on which said reflective electrode is
not formed, wherein said reflective electrode and a terminal
portion connecting electrode being formed at a terminal
portion are made up of an alloy mainly containing Al being
excellent in pitting corrosion or of both a metal having a
high melting point and an alloy mainly containing Al being
excellent in pitting corrosion and being formed and stacked
in a layer on said alloy having a high melting point.

37. The liquid crystal display according to claim 36,
wherein an element or elements to be added to said alloy
containing mainly Al include any one of Nd, Ti, Cr, and Ta,
or at least one group selected from groups consisting essen-
tially of a plurality of elements including Nd, Ti, Cr, and Ta.

38. The liquid crystal display according to claim 37,
wherein said alloy contains 2% or more, in a total amount,
of said elements to be added to said alloy.

39. The liquid crystal display according to claim 41 to
claim 37, wherein said alloy contains 0.9% or more by atom
of Nd.

40. A method for manufacturing a liquid crystal display
serving as a semi-transmissive reflective-type liquid crystal
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display having a reflective electrode being formed on one
substrate out of a pair of subtrates being placed in such a
manner to face each other with a liquid crystal layer being
interposed between said pair of said substrates and operating
to reflect incident light emitted from an other substrate on
which said reflective electrode is not formed and having a
pixel electrode through which incident light entered from a
side of said one substrate passes, wherein both said reflective
electrode and a terminal portion connecting electrode being
formed on a terminal portion are made up of a metal having
a high melting point and an alloy mainly containing Al being
excellent in pitting corrosion and being formed and stacked
in a layer on said alloy having a high melting point.

41. The liquid crystal display according to claim 40,
wherein an element or elements to be added to said alloy
containing mainly Al include any one of Nd, Ti, Cr, and Ta,
or at least one group selected from groups consisting essen-
tially of a plurality of elements including Nd, Ti, Cr, and Ta.

42. The liquid crystal display according to claim 41,
wherein said alloy contains 2% or more, in a total amount,
of said elements to be added to said alloy.

43. The liquid crystal display according to claim 41 to

claim 22, wherein said alloy contains 0.9% or more by atom
of Nd.



RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

KRN

IPCH &=

CPCH¥E=
£k 5
ShERbEE

E)

—MEERSERRERBNTE , X EE
TEANEEREENTZHE, EEELBMMBHNEINLEER LE
N REEEERAEENRERN R FBRMEREI R FHI TR

REETEREREHES

US20020159010A1 NI (»&E)B

US10/132325

NECZAH]

NECH @B ARBRLF.

MAEDA AKITOSHI
YASUDA KYOUNEI
TANAKA HIROAKI
KIDO SYUUSAKU

MAEDA, AKITOSHI
YASUDA, KYOUNEI
TANAKA, HIROAKI
KIDO, SYUUSAKU

patsnap

2002-10-31

2002-04-26

GO02F1/1368 G02F1/1335 G02F1/1343 G02F 1/1362 GO9F9/30 GO9F9/35 H01L21/3205 HO1L21/336

HO1L23/52 HO1L29/786

GO02F1/133553 G02F2001/136236 G02F1/136227 G02F1/13439

2001130454 2001-04-26 JP

Espacenet USPTO

B RSB RE TR

A

JG.incident light
37:1/4 wavelength plate

38 polarizer P
A B

40 outgoing light

20a transparent insulating
substrate
B C 4

e o i s
e—

BT EEER, EHRABRAST BT SREGHR , B
SRR ANIEFEN0.9% RESHA-NG (48 -4 ) . Gafacin lstode
341brienta£ﬁzgﬁ'lm2

/ \

: l = !}20

77X

L . L
ax
35 /implane spacer

ks [~~+-36Tiquid crystal

15, ;scam,ziﬁr line
termin:

14
32 transparent insulati
substz-pste i

[ZO& stransparent insulating
substrate

31 ireflective electrode


https://share-analytics.zhihuiya.com/view/f6304626-f0f9-495e-9c6e-28fe8d179529
https://worldwide.espacenet.com/patent/search/family/018978825/publication/US2002159010A1?q=US2002159010A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020159010%22.PGNR.&OS=DN/20020159010&RS=DN/20020159010

