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(54) Method for producing a liquid-crystal display apparatus

(57) To provide a liquid crystal display apparatus ex-
hibiting optimum display performance despite reduction
in the number of (photolithography) processes, and a
method for producing the apparatus. A method for pro-
ducing a liquid crystal display apparatus having a first
substrate including a thin film transistor and a reflector
on an insulating substrate. An etching mask(24) is
formed on a metal layer(3a, 25, and 26) formed on the
insulating substrate(1) and, using this etching mask, the

metal layer is etched to form a constituent portion(3a)
of the thin film transistor and protrusions. Only the etch-
ing mask is caused to reflow to cover exposed surface
portions of the constituent portion(3a) of the thin film
transistor and protrusions(26) and near-by surface por-
tions of the insulating substrate with the etching mask
as the insulating substrate is partially exposed. Using
the etching mask, recesses are formed in an exposed
area of the insulating substrate. A reflector(4a ,4b) is
formed on the protrusions and recesses.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method for produc-
ing a liquid crystal display apparatus having a reflection
type panel or a half-transmitting type panel. More par-
ticularly, it relates to a method for producing a liquid crys-
tal display apparatus having an optimum display func-
tion with simplified processes.

BACKGROUND OF THE INVENTION

[0002] A liquid crystal display apparatus, employing
active devices, such as thin-film transistors, features a
thin thickness and a light weight, and is exploited as a
high picture quality flat panel display. With the liquid
crystal display apparatus, it is being contemplated to
simplify the manufacturing process for realization of low
production cost.
[0003] The liquid crystal display apparatus is being
used as a display unit for a mobile terminal. The liquid
crystal display apparatus used currently is predominant-
ly a reflection type or semi-transmitting type liquid crys-
tal display apparatus.
[0004] Of these, the reflection type liquid crystal dis-
play apparatus is designed so that a reflector provided
within the apparatus reflects the light incident from out-
side. Reflected light is used as a display light source to
render unnecessary backlight as a light source (see Fig.
3). As a result, the reflection type liquid crystal display
apparatus lends itself more efficaciously to low power
consumption, thinner thickness and lighter weight than
the transmission type liquid crystal display apparatus.
[0005] On the other hand, the semi-transmission type
liquid crystal display apparatus is designed to make ef-
ficacious display even on the occasion of the weak ex-
traneous light. To this end, reflection display is made by
exploiting reflected light, obtained on reflection of extra-
neous light by a reflector, at the same time as transmis-
sion display is made by exploiting backlight transmitted
through an aperture (see 4c in Fig.2) provided in a por-
tion of the reflector.
[0006] The basic structure of a liquid crystal display
apparatus is made up by a liquid crystal of the TN (twist-
ed nematic) system, a monolithic polarization plate sys-
tem, an STN (super-twisted nematic) system, a GH
(guest-host) system, a PDLC (polymer dispersion) sys-
tem or a cholesteric system, a switching device, a re-
flector provided inside or outside the liquid crystal cell,
and a transparent electrode.
[0007] A reflector, which is used as a pixel electrode,
contributes to enhancement of the intensity of light scat-
tered in an orientation perpendicular to a display picture
surface with respect to the incident light entered with a
large incident angle. With this reflector, a brighter dis-
play may be produced. By covering a passivation film,
having a roughness formed on a surface, with a reflec-

tion film, to provide a reflection surface with a rough-
ness, an optimum reflection characteristic may be
achieved. As for a typical conventional method for form-
ing a rough surface on a reflector, see for example the
JP Patent Kokai JP-A-10-319422.
[0008] A transparent electrode of ITO (indium tin ox-
ide), used as a pixel electrode, may be formed as an
uppermost layer, by layer separation from a drain layer,
in order to improve the definition and aperture ratio of a
display picture in a semi-transmission type liquid crystal
display apparatus. The transparent electrode may also
be formed on a surface of the reflector in order to prevent
hillocks from being produced on the surface of the re-
flector formed of metal including Al.
[0009] The transparent electrode may also be used in
a opening provided in the reflector in the semi-transmis-
sion type liquid crystal display apparatus, adapted for
transmitting the backlight therethrough, so that the
transparent electrode will operate as pixel electrodes.
The transparent electrode is also sometimes used as
wiring for electrically interconnecting a drain bus line
and a drain electrode isolated therefrom.
[0010] In general, an active matrix substrate of a TN
system is made up by a scanning line (termed a gate
wiring or gate bus line) and a data line (termed a drain
wiring or drain bus line), extending with orthogonal an-
gles to each other, a reflector or a transparent electrode,
formed in an area defined by these wirings, and thin-film
transistors (TFTs) provided in the vicinity of the intersec-
tions of the gate and drain wirings. The active matrix
substrate also includes a channel protection film on the
TFT surface for guaranteeing the performance. On the
TFTs, a reflector or a transparent electrode of this active
matrix substrate, there is formed an orientation film for
orienting the liquid crystal in a preset direction. The liq-
uid crystal is sealed in a space defined by the active
matrix substrate and by a counter substrate carrying an-
other orientation film, a common electrode (transparent
electrode) and a color filter, to complete the liquid crystal
display apparatus.
[0011] By way of illustrating a conventional method for
producing the liquid crystal display apparatus, the inven-
tion described in the JP Patent Kokai JP-A-10-319422
is now explained. Figs. 81a-81d and Figs. 82e-82g are
cross-sectional views for schematically illustrating the
processes for producing an active matrix substrate for
a certain conventional reflection type liquid crystal dis-
play apparatus.
[0012] Referring first to Fig.81a, in preparing an active
matrix substrate, a gate electrode layer of, for example,
Cr, is deposited on a transparent insulating substrate
101. Then, using a first mask, an exposed part of Cr is
etched to form a gate bus line 102 and a gate electrode
103.
[0013] A gate insulating film 105, formed of SiNx, an
a-Si(amorphous silicon) film 107a and a n+ type a-Si
film 107b, which is to become an ohmic contact layer,
are deposited in this order, as shown in Fig.81b. Then,
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using a second mask, unneeded portions of the a-Si film
107a and the n+ type a-Si film 107b are selectively
etched to form an island.
[0014] Then, referring to Fig.81c, source/drain elec-
trode layer of, for example, Cr, is then deposited and,
using a third mask, unneeded portions of the source/
drain electrode layer are selectively etched, for forming
an opening in a channel area of the a-Si film 107a and
a preset wiring pattern, to form a source electrode 108,
which is to become a signal line, a drain electrode 109
and a drain bus line 110.
[0015] Then, using the source electrode 108 and the
drain electrode 109 as an etching mask, the n+ type a-
Si film 107b is etched to form an ohmic contact layer.
[0016] Then, referring to Fig.81d, an organic insulat-
ing film 112 of, for example, polyimide, is deposited on
the entire substrate surface. Then, using a fourth mask,
a contact hole 113 for exposing a portion of the source
electrode 108 and a contact hole 117c for exposing a
portion of the gate bus line 102 are formed.
[0017] Then, referring to Fig.82e, a portion of the or-
ganic insulating film 112 is selectively removed, using a
fifth mask, and a rough portion 112b is formed, by heat
treatment.
[0018] Referring to Fig.82f, a layer of metal, such as
Al, is deposited on the entire substrate surface and, us-
ing a sixth photo mask, the metal layer is selectively
etched to form a reflector 104b. This forms a reflector
having a rough surface. The reflector 104b is electrically
connected to the source electrode 108 through the con-
tact hole 113.
[0019] Finally, a transparent electrode layer of, for ex-
ample, ITO(indium tin oxide) is deposited on the entire
surface of the transparent insulating substrate 101, as
shown in 82g. Then, using a seventh photomask, a pre-
set portion of the transparent electrode layer is removed
to form a drain terminal 117d connecting to the drain bus
line 102 through the contact hole 117c and a hillock in-
hibiting film 152, adapted for inhibiting generation of hill-
ocks in the reflector 104 to complete the manufacture of
the active matrix substrate. The hillock inhibiting film
may also be a transparent electrode.
[0020] In the above-described active matrix sub-
strate, the reflector which is to become the pixel elec-
trode and the transparent electrode are not provided on
the same layer as the source/drain electrode layer, but
are insulated and separated from each other by an or-
ganic insulating film. Consequently, for insulation and
separation of the transparent electrode layer and the
drain electrode layer, these do not have to be separated
from each other in the transverse direction relative to
the normal line direction of the active matrix substrate,
so that these can be extremely close to or overlapped
with each other. As a result, the black matrix for shielding
the uncontrolled backlight light rays, leaking from an in-
terstice produced when the transparent electrode layer
and the drain electrode layer are separated from each
other in the transverse direction, can be rendered small

and hence the aperture ratio can be meritoriously in-
creased. For this reason, the transparent electrode layer
and the drain electrode layer are insulated and separat-
ed from each other by an organic insulating film.

SUMMARY OF THE DISCLOSURE

[0021] In order to produce a liquid crystal display ap-
paratus that is able to make bright high-quality display
by using the conventional production method, it is nec-
essary to form high performance transistors and high
performance reflectors on one and the same insulating
substrate, with the result that a large number of deposi-
tion processes, photolithography processes and etching
processes are required.
[0022] In the conventional method for manufacturing
the active matrix substrate, shown in Figs.81 and 82,
there are required seven photolithography(PR) proc-
esses, namely, a PR process for forming a gate bus wir-
ing and a gate electrode, a PR process for forming a
contact layer and a semiconductor layer, a PR process
for forming a source electrode, a drain electrode and a
source/bus wiring, a PR process for forming the contact
hole in the organic insulating film, a PR process for form-
ing the rough surface of the organic insulating film, a PR
process for forming the reflective plate and a PR proc-
ess for forming the transparent electrode. These PR
processes lead to increased production cost of the ap-
paratus and hence to a high unit cost.
[0023] In light of the above, it has been desired to low-
er production cost through reduction in the number of
PR steps and to realize high brightness and high quality
display performance to enable the high brightness liquid
crystal display apparatus at a low cost.
[0024] Accordingly, it is an object of the present inven-
tion to provide a liquid crystal display apparatus and a
method for producing it, in which an optimum display
performance of the liquid crystal display apparatus may
be demonstrated even though the number of PR proc-
esses is diminished.
[0025] The above and other objects of the invention
are satisfied, at least in part, in accordance with a first
aspect of the present invention, by providing a method
for producing a liquid crystal display apparatus having
a first substrate including a thin film transistor and a re-
flector on an insulating substrate, a second substrate
having a transparent electrode and mounted facing the
first substrate, and a liquid crystal layer placed between
the first substrate and the second substrate, in which
the method includes a first step of forming an etching
mask, patterned to a preset shape, on at least one of a
metal layer, an insulating layer and a semiconductor lay-
er, formed on the insulating substrate, a second step of
etching at least one of the metal layer, insulating layer
and the semiconductor layer, using the etching mask, to
expose a portion of the insulating substrate and to form
a constituent portion of the thin film transistor and a plu-
rality of protrusions being separated from the constitu-
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ent portion, a third step of causing only the etching mask
to reflow to cover exposed part of the constituent portion
of the thin film transistor and near-by surface portions
of the insulating substrate with the etching mask and to
cover exposed surfaces of the protrusions and near-by
surface portions of the insulating substrate, while expos-
ing surface portions of the insulating substrate between
neighboring protrusions, a fourth step of etching said in-
sulating substrate, following said third step, using said
etching mask, to form one or more recesses in exposed
areas of said insulating substrate, and a fifth step of se-
lectively forming a reflector having a rough surface on
a rough surface formed at least by said protrusions and
recesses.
[0026] In the method for producing the liquid crystal
display apparatus in accordance with the present inven-
tion, in case a metal layer and an insulation layer are
formed in this order on the insulating substrate, it is pre-
ferred to etch the insulating layer in the second step,
using the etching mask, to expose portions of the metal
layer, and to stop the contact hole by the etching mask
by reflow of the etching mask in the third step. When the
insulating substrate is a glass substrate and the etching
liquid is HF, and the metal layer is exposed from the con-
tact hole, there is a risk of HF permeating through the
metal layer to etch the underlying glass substrate.
[0027] The method for producing a liquid crystal dis-
play apparatus in accordance with the present inven-
tion, desirably includes a sixth step following the fourth
step and previous to the fifth step, with the sixth step
forming another insulating layer having a rough surface
on the rough surface at least formed by the protrusions
and recesses. It is because this step renders it possible
to adjust the rounding of the irregularities when the sur-
face roughness of the rough surface formed by the pro-
trusions and recesses is excessive, that is when the
rough surface is square-shaped.
[0028] In accordance with a second aspect of the
present invention, there is provided a method for pro-
ducing a liquid crystal display apparatus having a first
substrate including a thin film transistor and a reflector
on an insulating substrate, a second substrate having a
transparent electrode and mounted facing the first sub-
strate, and a liquid crystal layer placed between the first
substrate and the second substrate, in which the meth-
od includes a first step of forming a metal layer on the
insulating substrate, and subsequently etching the met-
al layer using a first etching mask to expose a portion of
the insulating substrate and to form a gate electrode, a
second step of causing only the etching mask to reflow
to cover the exposed surface of the gate insulating elec-
trode and near-by surface portions of the insulating sub-
strate with the etching mask and to cover the exposed
surface portions of the protrusions and near-by surface
portions of the insulating substrate with the etching
mask, a third step of etching the insulating substrate us-
ing the etching mask to form one or more recesses in
an exposed area of the insulating substrate and a fourth

step of selectively forming a reflector having a rough sur-
face on the rough surface of the insulating layer.
[0029] In accordance with a third aspect of the present
invention, there is provided a method for producing a
liquid crystal display apparatus having a first substrate
including a thin film transistor and a reflector on an in-
sulating substrate, a second substrate having a trans-
parent electrode and mounted facing the first substrate,
and a liquid crystal layer placed between the first sub-
strate and the second substrate, in which the method
includes a first step of etching the metal layer, using a
first etching mask, following the formation of a metal lay-
er on the insulating substrate, to expose a portion of the
insulating substrate and to form a gate electrode, a sec-
ond step of forming an insulating layer on the insulating
substrate including the gate electrode and subsequently
etching the insulating layer, using a second etching
mask, to expose portions of the insulating substrate
while forming a gate insulating film and a plurality of pro-
trusions separated from the gate insulating films, a third
step of causing only the etching mask to reflow to cover
exposed portions of the gate insulating films and near-
by surface portions of the insulating substrate with the
etching mask and to cover exposed surfaces of the pro-
trusions and near-by surface portions of the insulating
substrate ,while exposing the surface portions of the in-
sulating substrate between neighboring protrusions, a
fourth step of etching the insulating substrate, following
the third step, using the etching mask, to form one or
more recesses in exposed areas of the insulating sub-
strate and a fifth step of selectively forming a reflector
having a rough surface on the rough surface formed at
least by the protrusions and recesses.
[0030] In the method for producing a liquid crystal dis-
play apparatus, in accordance with the present inven-
tion, a sixth step of forming a semiconductor layer on
the insulating layer and of subsequently etching the
semiconductor layer, using a third etching mask, to form
an island above the gate electrode, is preferably provid-
ed following formation of the insulating layer and prior
to using the second etching mask in the second step.
[0031] In the method for producing a liquid crystal dis-
play apparatus, in accordance with the present inven-
tion, the reflector formed in the second step is directly
arranged on the rough surface formed by the protru-
sions and recesses. It is because surface roughness of
the rough surface formed by the protrusions and recess-
es can be prevented from being decreased.
[0032] In the method for producing a liquid crystal dis-
play apparatus, in accordance with the present inven-
tion, the reflector is of a laminated structure comprised
of a lower Cr layer and an upper Al/Nd layer. The source
electrode and the drain electrode of the laminated struc-
ture are selectively formed when the reflector is formed
in the fifth step. A contact hole for partially exposing the
Cr layer of the source electrode is formed in another in-
sulation layer formed on the insulating layer comprised
of the reflector, source electrode and the drain elec-
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trode, and in the Al/Nd layer, after forming the other in-
sulating layer. A transparent electrode layer electrically
connecting to the source electrode through the contact
hole is selectively formed on the other insulating layer.
It is because optimum electrical conductivity may be
maintained between the source electrode and the trans-
parent electrode layer, such as ITO, as hillocks are pre-
vented from being produced on the surface of the Al/Nd
layer in the reflector.
[0033] In accordance with a fourth aspect of the
present invention, there is provided a method for pro-
ducing a liquid crystal display apparatus having a first
substrate including a thin film transistor and a reflector
on an insulating substrate, a second substrate having a
transparent electrode and mounted facing the first sub-
strate, and a liquid crystal layer placed between the first
substrate and the second substrate, in which the meth-
od includes a first step of forming a first metal layer on
the insulating substrate and subsequently etching the
first metal layer, using a first etching mask, to expose a
portion of the insulating substrate and to form a gate
electrode, a second step of forming a first insulating lay-
er and a semiconductor layer in this order on the insu-
lating substrate including the gate electrode and of sub-
sequently etching the semiconductor layer using a sec-
ond etching mask to form an island above the gate elec-
trode, a third step of forming a second metal layer on
the first insulating layer including the island and of sub-
sequently etching the second metal layer using a third
etching mask to form the source electrode and the drain
electrode, a fourth step of forming a second insulating
layer on the first insulating layer including the source
electrode and the drain electrode and of subsequently
etching the second insulating layer and the first insulat-
ing layer, using a fourth etching mask, to expose a por-
tion of the insulating substrate and to form a plurality of
protrusions, a fifth step of causing only the fourth etching
mask to reflow following the fourth step to cover ex-
posed surface portions of the first and second insulating
layers and near-by surface portions of the insulating
substrate with the fourth etching mask and to cover ex-
posed surface portions of the protrusions and near-by
surface portions of the insulating substrate with the
fourth etching mask while exposing surface portions of
the insulating substrate lying between neighboring pro-
trusions, a sixth step of etching the insulating substrate,
using the fourth etching mask, following the fifth step, to
selectively form one or more recesses in an exposed
area of the insulating substrate, and a seventh step of
selectively forming a reflector, having a rough surface
on the rough surface formed at least by the protrusions
and recesses.
[0034] In accordance with a fifth aspect of the present
invention, there is provided a method for producing a
liquid crystal display apparatus having a first substrate
including a thin film transistor and a reflector on a pre-
dominantly planar insulating substrate, a second sub-
strate having a transparent electrode and mounted fac-

ing the first substrate, and a liquid crystal layer placed
between the first substrate and the second substrate, in
which the method includes a first step of etching the pla-
nar insulating substrate, using a first etching mask, to
selectively form a rough surface in a preset area of the
insulating substrate, and a second step of etching the
metal layer, using a second etching mask, for selectively
forming a gate electrode on a planar area of the insulat-
ing substrate, and for selectively forming a reflector hav-
ing a rough surface overlying a rough surface of the in-
sulating substrate in register herewith and in isolation
from the gate electrode.
[0035] In accordance with a sixth aspect of the
present invention, there is provided a method for pro-
ducing a liquid crystal display apparatus having a first
substrate including a thin film transistor and a reflector
on an insulating substrate, a second substrate having a
transparent electrode and mounted facing the first sub-
strate, and a liquid crystal layer placed between the first
substrate and the second substrate, in which the meth-
od includes a first step of forming a first metal layer on
the insulating substrate and subsequently etching the
first metal layer using a first etching mask, to expose a
portion of the insulating substrate, and to form a gate
electrode, a plurality of protrusions separated there-
from, and a wiring isolated from the gate electrode and
the protrusions, a second step of causing only the first
etching mask to reflow to cover exposed surfaces of the
gate electrode and the wiring and near-by surface por-
tions of the insulating substrate with the first etching
mask and to cover exposed surfaces of the protrusions
and near-by surface portions of the insulating substrate
with the first etching mask, a third step of etching the
insulating substrate, using the first etching mask, after
the second step, to form one or more recesses in the
exposed area of the insulating substrate, a fourth step
of etching the semiconductor layer, using a second etch-
ing mask, after forming a first insulating film and a sem-
iconductor layer on the insulating substrate, including
the gate electrode, the protrusions and the wiring, to
form an island above the gate electrode, a fifth step of
etching the first insulating layer, using a third etching
mask, to expose a portion of the wiring to form a first
contact hole, a sixth step of etching a second metal lay-
er, using a fourth etching mask, after forming the second
metal layer on the first insulating layer, including the is-
land, to form a source electrode, a drain electrode and
a reflector, to electrically connect the source electrode
through the first contact hole with the wiring, a seventh
step of forming, after forming a second insulating layer
on the first insulating layer including the source elec-
trode, drain electrode and the reflector, a second contact
hole in the second insulating layer and in the first insu-
lating layer, using a fifth etching mask, for exposing a
portion of the wiring, and an eighth step of selectively
forming a transparent electrode layer on the second in-
sulating layer for electrically connecting to the wiring
through the second contact hole. It is because it is pos-
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sible to prevent the electrical field applied to the liquid
crystal from being reduced when the transparent elec-
trode is in the uppermost layer, and because the source
electrode and the transparent electrode can be electri-
cally interconnected through a wiring to prevent shorting
across the drain electrode and the transparent elec-
trode.
[0036] In accordance with a seventh aspect of the
present invention, there is provided a method for pro-
ducing a liquid crystal display apparatus having a first
substrate including a thin film transistor and a reflector
on an insulating substrate, a second substrate having a
transparent electrode and mounted facing the first sub-
strate, and a liquid crystal layer placed between the first
substrate and the second substrate, in which the meth-
od includes a first step of forming a first metal layer on
the insulating substrate and subsequently etching the
first metal layer, using a first etching mask, to expose a
portion of the insulating substrate, and to form a gate
electrode and a wiring separated from the gate elec-
trode, a second step of forming a first insulating layer
and a semiconductor layer in this order on the insulating
substrate including the gate electrode and the wiring,
and subsequently etching the semiconductor layer, us-
ing a second etching mask, to form an island above the
gate electrode, a third step of etching the first insulating
layer, using a third etching mask, to form a first contact
hole which exposes a portion of the wiring, of exposing
a portion of the insulating substrate and of forming a plu-
rality of protrusions, a fourth step of causing only the
third etching mask to reflow to cover the exposed sur-
face portions of the first insulating layer and near-by sur-
face portions of the insulating substrate with the third
etching mask, to stop up the first contact hole with the
third etching mask and to cover the exposed surface
portions of the protrusions and near-by surface portions
of the insulating substrate with the third etching mask
while exposing surface portions of the insulating sub-
strate located between neighboring protrusions and
near-by surface portions of the insulating substrate, a
fifth step of etching the insulating substrate, after the
fourth step, using the third etching mask, to form one or
more recesses in an exposed area of the insulating sub-
strate, a sixth step of forming a second metal layer on
the first insulating layer including the island, on the pro-
trusions and on the recesses, and subsequently etching
the second metal layer, using a fourth etching mask, to
form a source electrode, a drain electrode and a reflec-
tor, to connect the source electrode electrically to the
wiring through the first contact hole, a seventh step of
forming a second insulating layer on the first insulating
layer including the source electrode, drain electrode and
the reflector, and subsequently forming a second con-
tact hole, which exposes a portion of the wiring to the
second insulating layer and the first insulating layer, us-
ing a fifth etching mask, and an eighth step of selectively
forming a transparent electrode layer on said second in-
sulating layer for electrically connecting to the wiring

through the second contact hole.
[0037] In the method for producing a liquid crystal dis-
play apparatus, the etching mask is preferably a pho-
toresist.
[0038] In the method for producing a liquid crystal dis-
play apparatus, the reflector has an opening in a preset
area in its rough surface.
[0039] Still other objects and advantages of the
present invention will become readily apparent to those
skilled in this art from the following detailed description
in conjunction with the accompanying drawings wherein
only the preferred embodiments of the invention are
shown and described, simply by way of illustration of the
best mode contemplated of carrying out this invention.
As will be realized, the invention is capable of other and
different embodiments, and its several details are capa-
ble of modifications in various obvious respects, all with-
out departing from the invention. Accordingly, the draw-
ing and description are to be regarded as illustrative in
nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

Fig.1 is a block diagram schematically showing the
structure of a liquid crystal display apparatus ac-
cording to a first embodiment of the present inven-
tion.
Fig.2 is a partial cross-sectional view schematically
showing the structure of a display unit in a semi-
transmission type liquid crystal display apparatus
according to the first embodiment of the present in-
vention.
Fig.3 is a partial cross-sectional view schematically
showing the structure of a display unit in a reflection
type liquid crystal display apparatus according to
the first embodiment of the present invention.
Fig.4 is a plan view schematically showing the
structure of the active matrix substrate in the liquid
crystal display apparatus according to the first em-
bodiment of the present invention.
Fig.5 is a first plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
first embodiment of the present invention.
Fig.6 is a second plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the first embodiment of the present invention.
Fig.7 is a third plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
first embodiment of the present invention.
Fig.8 is a fourth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the first embodiment of the present invention.
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Fig.9 is a fifth plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
first embodiment of the present invention.
Fig.10 is a sixth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the first embodiment of the present invention.
Figs.11a-11f are cross-sectional views along line
A-A' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the first embodiment of
the present invention.
Figs.12a-12f are views along line B-B' schematical-
ly showing the production process of the active ma-
trix substrate in the liquid crystal display apparatus
according to the first embodiment of the present in-
vention.
Figs.13a-13f are cross-sectional views along line
C-C' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the first embodiment of
the present invention.
Figs.14a-14f are cross-sectional views along line
D-D' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the first embodiment of
the present invention.
Figs.15a-15f are cross-sectional views along line
E-E' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the first embodiment of
the present invention.
Fig.16 is a first plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
second embodiment of the present invention.
Fig.17 is a second plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the second embodiment of the present inven-
tion.
Fig.18 is a third plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the second embodiment of the present inven-
tion.
Fig.19 is a fourth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the second embodiment of the present inven-
tion.
Fig.20 is a fifth plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
second embodiment of the present invention.
Fig.21 is a sixth plan view schematically showing
the production process of the active matrix sub-

strate in the liquid crystal display apparatus accord-
ing to the second embodiment of the present inven-
tion.
Fig.22 is a seventh plan view schematically show-
ing the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the second embodiment of the present inven-
tion.
Figs.23a-23d are first cross-sectional views along
line A-A' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.24e-24h second cross-sectional views along
line A-A' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.25a-25d are first cross-sectional views along
line B-B' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.26e-26h are second cross-sectional views
along line B-B' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the sec-
ond embodiment of the present invention.
Figs.27a-27d are first cross-sectional views along
line C-C' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.28e-28h are second cross-sectional views
along line C-C' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the sec-
ond embodiment of the present invention.
Figs.29a-29d are first cross-sectional views along
line D-D' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.30e-30h are second cross-sectional views
along line D-D' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the sec-
ond embodiment of the present invention.
Figs.31a-31d are first cross-sectional views along
line E-E' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the second
embodiment of the present invention.
Figs.32e-32h are second cross-sectional views
along line E-E' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the sec-
ond embodiment of the present invention.
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Fig.33 is a first plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to a
third embodiment of the present invention.
Fig.34 is a second plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the third embodiment of the present invention.
Fig.35 is a third plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the third embodiment of the present invention.
Fig.36 is a fourth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the third embodiment of the present invention.
Fig.37 is a fifth plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
third embodiment of the present invention.
Fig.38 is a sixth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the third embodiment of the present invention.
Figs.39a-39d are first cross-sectional views along
line A-A' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the third em-
bodiment of the present invention.
Figs.40e-40g are second cross-sectional views
along line A-A' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the third
embodiment of the present invention.
Figs.41a-41d are first cross-sectional views along
line B-B' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the third em-
bodiment of the present invention.
Figs.42e-42g are second cross-sectional views
along line B-B' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the third
embodiment of the present invention.
Figs.43a-43g are cross-sectional views along line
C-C' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the third embodiment
of the present invention.
Figs.44a-44g are cross-sectional views along line
D-D' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the third embodiment
of the present invention.
Figs.45a-45g are cross-sectional views along line
E-E' schematically showing the production process
of the active matrix substrate in the liquid crystal dis-
play apparatus according to the third embodiment

of the present invention.
Fig.46 is a first plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to a
fourth embodiment of the present invention.
Fig.47 is a second plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Fig.48 is a third plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Fig.49 is a fourth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Fig. 50 is a fifth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Fig.51 is a sixth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Fig.52 is a seventh plan view schematically show-
ing the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fourth embodiment of the present inven-
tion.
Figs. 53a-53d are first cross-sectional views along
line A-A' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to a fourth em-
bodiment of the present invention.
Figs. 54e-54h are second cross-sectional views
along line A-A' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fourth
embodiment of the present invention.
Figs. 55a-55d are first cross-sectional views along
line B-B' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fourth
embodiment of the present invention.
Figs.56e-56h are second cross-sectional views
along line B-B' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fourth
embodiment of the present invention.
Figs.57a-57d are first cross-sectional views along
line C-C' schematically showing the production
process of the active matrix substrate in the liquid
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crystal display apparatus according to the fourth
embodiment of the present invention.
Figs.58e-58h are second cross-sectional views
along line C-C' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fourth
embodiment of the present invention.
Figs.59a-59d are first cross-sectional views along
line D-D' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fourth
embodiment of the present invention.
Figa.60e-60h are second cross-sectional views
along line D-D' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fourth
embodiment of the present invention.
Figa.61a-61d are first cross-sectional views along
line E-E' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fourth
embodiment of the present invention.
Figs.62e-62h are second cross-sectional views
along line E-E' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fourth
embodiment of the present invention.
Fig.63 is a first plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to a
fifth embodiment of the present invention.
Fig.64 is a second plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fifth embodiment of the present invention.
Fig.65 is a third plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fifth embodiment of the present invention.
Fig.66 is a fourth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fifth embodiment of the present invention.
Fig.67 is a fifth plan view schematically showing the
production process of the active matrix substrate in
the liquid crystal display apparatus according to the
fifth embodiment of the present invention.
Fig.68 is a sixth plan view schematically showing
the production process of the active matrix sub-
strate in the liquid crystal display apparatus accord-
ing to the fifth embodiment of the present invention.
Figs.69a-69d are first cross-sectional views along
line A-A' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fifth em-
bodiment of the present invention.
Figs.70e-70h are second cross-sectional views
along line A-A' schematically showing the produc-

tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fifth
embodiment of the present invention.
Figs.71a-71d are first cross-sectional views along
line B-B' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fifth em-
bodiment of the present invention.
Figs.72e-72h are second cross-sectional views
along line B-B' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fifth
embodiment of the present invention.
Figs.73a-73d are first cross-sectional views along
line C-C' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fifth em-
bodiment of the present invention.
Figs.74e-74h are second cross-sectional views
along line C-C' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fifth
embodiment of the present invention.
Figs.75a-75d are first cross-sectional views along
line D-D' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fifth em-
bodiment of the present invention.
Figs.76e-76h are second cross-sectional views
along line D-D' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fifth
embodiment of the present invention.
Figs.77a-77d are first cross-sectional views along
line E-E' schematically showing the production
process of the active matrix substrate in the liquid
crystal display apparatus according to the fifth em-
bodiment of the present invention.
Figs.78e-78h are second cross-sectional views
along line E-E' schematically showing the produc-
tion process of the active matrix substrate in the liq-
uid crystal display apparatus according to the fifth
embodiment of the present invention.
Figs.79a-79d are first cross-sectional views sche-
matically showing the production process of an ac-
tive matrix substrate in the liquid crystal display ap-
paratus according to a sixth embodiment of the
present invention.
Figs.80e-80h are second cross-sectional views
schematically showing the production process of an
active matrix substrate in the liquid crystal display
apparatus according to the sixth embodiment of the
present invention.
Figs.81a-81d are first cross-sectional views sche-
matically showing the production process of an ac-
tive matrix substrate for a conventional reflection
type liquid crystal display apparatus.
Figs.82e-82g are second cross-sectional views
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schematically showing the production process of an
active matrix substrate for the conventional reflec-
tion type liquid crystal display apparatus.

PREFERRED EMBODIMENTS OF THE INVENTION

[0041] Preferred embodiments of the present inven-
tion will now be described below. According to the
present invention, a method for producing a liquid crys-
tal display apparatus having a first substrate including
a thin film transistor and a reflector on an insulating sub-
strate, a second substrate having a transparent elec-
trode and mounted facing the first substrate, and a liquid
crystal layer placed between the first substrate and the
second substrate includes a first step of forming an etch-
ing mask (24 of Fig.23), patterned to a preset shape, on
at least one of a metal layer (3a, 25, and 26 of Fig.23),
an insulating layer and a semiconductor layer, formed
on the insulating substrate (1 of Fig.23), a second step
(Fig.23a) of etching at least one of the metal layer, in-
sulating layer and the semiconductor layer, using the
etching mask, to expose a portion of the insulating sub-
strate under forming a constituent portion (3a of Fig.23)
of the thin film transistor and a plurality of protrusions
(26 of Fig.23) being separated from the constituent por-
tion, a third step (Fig.23b) of causing only the etching
mask to reflow to cover exposed portions of the constit-
uent portion of the thin film transistor and near-by sur-
face portions of the insulating substrate with the etching
mask and to cover exposed surfaces of the protrusions
and near-by surface portions of the insulating substrate
under exposing surface portions of the insulating sub-
strate between neighboring protrusions, a fourth step
(Fig.23c) of etching the insulating substrate, following
the third step, using the etching mask, to form one or
more recesses (1a and 1b of Fig.23) in exposed areas
of the insulating substrate, and a fifth step (Fig.24f) of
selectively forming a reflector (4a and 4b of Fig.24) hav-
ing a rough surface on a rough surface formed at least
by the protrusions and recesses. Thus, with the use of
a sole etching mask, the constituent portion of the thin
film transistor, such as a gate electrode or a gate insu-
lating film, may be formed at the same time as a rough
surface presenting pronounced inundations is pro-
duced.
[0042] For illustrating the above described various as-
pects of the present invention, certain embodiments of
the invention are now explained in detail with reference
to the drawings.
[0043] Referring to Fig.1, the liquid crystal display ap-
paratus includes a picture processing circuit, a control
circuit, and a display voltage generating circuit, a drain
driver(termed also as a data driver), a gate driver
(termed also as a scanning line driver) and a display
panel.
[0044] The picture processing circuit executes pre-set
calculations, based on the picture information, and
sends the calculated picture processing signals to the

control circuit.
[0045] The control circuit performs fine position ad-
justment, such as alignment of the drain driver and the
gate driver, based on the picture processing signals, as
received, while controlling the voltage generated in a
display voltage generating circuit.
[0046] The display voltage generating circuit sends a
preset voltage to each of the common terminals in the
drain driver, gate driver and in the display panel, under
the control from the control circuit.
[0047] Moreover, the drain driver drives the drain bus
lines on the active matrix substrate in the display panel,
through the drain terminal, under control from the control
circuit.
[0048] The gate driver drives the gate bus lines on the
active matrix substrate in the display panel through the
gate terminal under control from the control circuit.
[0049] As for the module mounting on the display pan-
el, known techniques such as TCP (tape carrier pack-
age), COG (chip on glass) or COF (chip on flexible print-
ed circuit board) are used.
[0050] Referring to Fig.2, the display panel compris-
es, in the case of the semi-transmission type liquid crys-
tal display apparatus, an orientation film 16 on the entire
surface towards a transparent electrode 14 of an active
matrix substrate 15 which includes a reflector 4 provided
with an opening 4c. The display panel also comprises,
on the entire surface towards the insulating substrate of
the active matrix substrate 15, a phase difference plate
31, a polarization plate 32 and a backlight 33, in this
order, looking from the side insulating substrate. A liquid
crystal layer 50 is interposed between an orientation film
41 provided on an opposite side substrate 40 and an
orientation film 16 provided on the active matrix sub-
strate 15. The opposite side substrate 40 comprises the
orientation film 41, an opposite side transparent com-
mon electrode 42, a resin protective film 43, a color filter
44, an opposite side transparent insulating substrate 45,
a phase difference plate 46 and a polarization plate 47,
stacked in this order from the side liquid crystal layer.
[0051] Referring to Fig.3, showing a reflection type
liquid crystal display apparatus, there is provided no
backlight on the side insulating substrate of the active
matrix substrate 15 provided with the reflector 4 not hav-
ing the opening. The arrangement of the orientation film
16, liquid crystal layer 50 and the opposite side sub-
strate 40 is not changed from that in the case of the
semi-transmission type liquid crystal display apparatus.
[0052] Referring to Fig.4, the active matrix substrate
15 includes a driving element for each pixel or dot in the
matrix, and drives the liquid crystal by switching the driv-
ing elements.
[0053] Referring to Figs.10 and 11, the active matrix
substrate according the present embodiment is con-
structed as follows:
[0054] In an area of a planar surface of an insulating
substrate 1 of, for example, glass, plastics or poly-car-
bonate, having a rough surface 1a in a preset area, plu-
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ral gate bus lines 2 made up of, for example, Cr, Ta, Mo,
Ti or Cr/Al are arranged parallel to one another. A gate
electrode 3 is branched from each gate bus line 2. In the
case of the reflection type apparatus, the insulating sub-
strate 1 need not be transparent. The gate bus line 2
operates as a scanning line. A reflector 4 (4a and 4b)
made up of, for example, Cr, Ta, Mo, Ti or Cr/Al is pro-
vided in the area of the insulating substrate 1 provided
with the rough surface 1a.
[0055] The reflector 4 is isolated from the gate bus
line 2. The surface of the reflector 4 is rough as is the
rough surface 1a of the insulating substrate 1, and ex-
tends along the rough surface 1a. The maximum height
of the surface roughness is on the order of 2 to 3 µm,
with the spacing between adjoining crests being on the
order of tens of µm. In the case of the semi-transmission
type liquid crystal display apparatus, an aperture 4c is
provided in a portion of the rough surface area of the
reflector 4 for transmitting the light emitted from a back-
light. In the case of the reflection type liquid crystal dis-
play apparatus, no aperture is provided in the rough sur-
face in the reflector 4. Although the protrusions and
dents of the rough surface shown in the drawings may
be seen to be sharp, these protrusions and dents are
actually rounded smoothly.
[0056] A gate insulating film 5 of, for example, SiNx
or SiOx, is formed on the insulating substrate 1 provided
with the gate electrode 3 and the reflector 4. The gate
insulating film 5 includes a contact hole 6 for exposing
a portion of the reflector 4, and has on its surface a rough
surface lying on the rough surface of the reflector 4.
[0057] On the gate insulating film overlying the gate
electrode 3, there is formed an island 7, made up by a
semiconductor layer 7a, formed e.g., of amorphous sil-
icon (a-Si) or polycrystalline silicon, and a contact elec-
trode 7b of n+ type a-Si on each end of the semiconduc-
tor layer.
[0058] On one end of the island 7, there is formed a
source electrode 8 (8a) of, for example, Cr, Ta, Mo, Ti
or Cr/Al, whereas, on the opposite side thereof, there is
formed a drain electrode 9(9a) of, for example, Cr, Ta,
Mo, Ti or Cr/Al. The drain electrode 9 is branched from
the drain bus line 10(10a), which intersects the gate bus
line 2 via gate insulating film 5. The drain bus line 10
operates as a signal line and is formed of metal, as is
the drain electrode 9.
[0059] The gate electrode 3, gate-insulating film 5, is-
land 7, source electrode 8 and the drain electrode 9
compose a thin-film transistor (TFT) 11. This TFT 11 op-
erates as a switching device.
[0060] On the entire surface of the substrate including
the gate bus line 2, drain bus line 10 and the TFT 11,
there is formed a passivation film 12 of, for example,
SiNx or SiOx. The passivation film 12 includes a first con-
tact hole 6 in a region corresponding to the contact hole
in the gate insulating film 5, a second contact hole 13,
at a preset position on the source electrode 8, for ex-
posing the source electrode 8, and a rough surface, in

an area of the rough surface of the gate insulating film
5, for extending along this rough surface of the gate in-
sulating film.
[0061] In an area on the passivation film 12 having the
rough surface, there is provided a transparent electrode
14 formed of, for example, ITO (indium tin oxide) or IZO
(indium zinc oxide). The transparent electrode 14
serves to connect electrically the reflector 4 to the
source electrode 8 through the first contact hole 6 and
the second contact hole 13. The transparent electrode
1 operates, together with the reflector 4, as pixel elec-
trodes.
[0062] At a corner of the insulating substrate 1, there
are formed a common terminal unit 19, a common de-
vice unit 20 and a common bus line 21 for applying the
common potential to the gate bus line 2, drain bus line
10 of the active matrix substrate 15 and to the opposite
side transparent common electrode 42 of the opposite
side substrate 40 of Figs.2 and 3. Although not shown,
a storage capacitor may be formed between each TFT
11 and the neighboring gate bus line 2.
[0063] The process for producing the active matrix
substrate according to the first embodiment is now ex-
plained.
[0064] First referring to Figs.5, 11a, 12a, 13a, 14a and
15a, a first mask, not shown, is formed on a planar in-
sulating substrate 1 of, for example, glass, by a photo-
lithography technique. A rough surface 1a then is
formed on the insulating substrate 1 having a flat sur-
face, such as a glass substrate, by a photolithography
technique. Then, by e.g., wet etching, employing HF
(hydrofluoric acid), sand-blasting, or dry etching, em-
ploying CF4 or O2, a rough surface 1a is formed in a
preset area of the insulating substrate 1. The resulting
product is washed and the first mask is removed.
[0065] The wet etching of the glass substrate is mer-
itorious in that the back surface of the substrate is si-
multaneously etched to thereby reduce the substrate
thickness.
[0066] Then, referring to Figs.6, 11b, 12b, 13b, 14b
and 15b, underlying metal layers 2a, 3a, 4a and 17a of,
for example, Cr, Ti or Mo (referred to below as 'Cr'), and
overlying metal layers 2b, 3b, 4b and 17b of, for exam-
ple, Al (referred to below as 'Al/Nd' are deposited in this
order on the entire surface of the insulating substrate 1
to form a gate electrode layer, not shown.
[0067] It is noted that the gate electrode layer is de-
posited, using, for example, a sputtering method, so that
the total film thickness of the underlying metal Cr and
the overlying metal Al/Nd will be in the order of 100 to
200 nm.
[0068] Then, referring to Figs.6, 11b, 12b, 13b, 14b
and 15b, a second mask, not shown, is formed by the
photolithography technique on the gate electrode layer.
An unneeded electrode layer then is removed by dry
etching or wet etching. The second mask then is re-
moved. This forms the gate electrode 3, the gate bus
line 2, underlying metal layers 17a and 17b of the gate

19 20



EP 1 273 961 A2

12

5

10

15

20

25

30

35

40

45

50

55

terminal unit, reflector 4, an underlying metal layer 19a,
a common bus line 21 for the drain and gate electrodes
20d, and 20e for the common device unit.
[0069] The underlying metal layers 17a and 17b are
connected to the gate bus line 2. In the case of the re-
flection type apparatus, no aperture is provided in the
reflector 4, whereas, in the semi-transmission type ap-
paratus, an aperture 4c is provided in the reflector 4.
The underlying metal layer 19a for the common terminal
unit is connected to the common bus line 21 for the
drain. The gate electrode 20d for the common device
unit is connected to the common bus line 21 or to the
gate bus line 2. The gate electrode 20e for the common
device unit is separated from the common bus line 21
for the drain and from the gate bus line 2.
[0070] Then, referring to Figs.7, 11c, 12c, 13c, 14c
and 15c, the gate insulating film 5, a-Si layer 7a which
is to become a semiconductor layer, and an n+ type a-
Si layer 7b, which is to become a contact electrode, are
sequentially formed on the entire surface of the sub-
strate provided with the gate electrode 3, gate bus line
2, underlying metal layers 17a and 17b for the gate ter-
minal unit, reflector 4, underlying metal layer 19a for the
common terminal unit, common bus line 21 for the drain
and the gate electrodes 20d, and 20e for the common
device unit. The semiconductor layer and the contact
electrode form islands 7 and 20f.
[0071] The gate insulating film 5 is formed by for ex-
ample a plasma CVD method to a film thickness of the
order of 300 to 500 nm. For forming the islands 7, and
20f, a-Si, for example, is formed to a film having a film
thickness on the order of 150 to 400 nm, by a plasma
CVD method, while n+ a-Si is formed to a film having a
film thickness on the order of 20 to 60 nm, by a plasma
CVD method.
[0072] In forming the n+ type a-Si layer 7b, a substrate
on which film deposition has been completed up to the
a-Si layer 7a is held in a PH3 plasma atmosphere and
phosphorus(P) is diffused into the a-Si layer 7a to form
an n+ layer, as a surface layer, in order to form an ohmic
contact to the a-Si layer 7a. The processing conditions
for achieving this include using a plasma CVD system,
supplying the PH3/H2 (0.5% PH3) gas at 1000 sccm at
a temperature of 300°C and processing for five minutes
under a pressure of 200 Pa and an RF power of 0.1W/
cm2.
[0073] Then, referring to Figs.7, 11c, 12c, 13c, 14c
and 15c, a third mask, not shown, is formed by the pho-
tolithography technique on the n+ type a-Si layer 7b.
Then, by e.g., dry etching, the unneeded a-Si layer 7a
and unneeded n+ type a-Si layer 7b are removed and
the third mask then is removed. This forms the dry is-
lands 7, 20f. The island 7 is formed above the gate elec-
trode 3 adapted for driving a liquid crystal. The island
20f is formed above the gate electrodes 20d for the com-
mon device, the gate electrodes 20e for the common
device unit, gate electrodes 20d for the common device
unit and the gate electrodes 20e for the common device

unit.
[0074] Then, referring to Figs.8, 11d, 12d, 13d, 14d
and 15d, metal layers 8a, 9a, 10a, 18a, 20a and 22a are
deposited on the entire surface of the substrate, provid-
ed with the gate electrode 3, gate bus line 2, underlying
metal layers 17a and 17b for the gate terminal unit, re-
flector 4, underlying metal layer 19a for the common ter-
minal unit, common bus line 21 for the drain, gate elec-
trodes 20d, and 20e for the common device unit, and
the islands 7, and 20f, to a film thickness of 100 to 200
nm, by e.g., a sputtering method.
[0075] Then, referring to Figs.8, 11d, 12d, 13d, 14d
and 15d, a fourth mask, not shown, is formed, by a pho-
tolithography technique, on the metal layers 8a, 9a, 10a,
18a, 20a and 22a. Then, unneeded metal is removed
by dry etching. This forms a source electrode 8, a drain
electrode 9, a drain bus line 10, an underlying metal 18a
for the drain terminal unit, a common bus line 22 for the
gate, and plural source/drain electrodes 20a for the
common device unit. Part of plural source/drain elec-
trodes 20a for the common device unit is connected to
the drain bus line 10 and to the common bus line 22a
for the gate.
[0076] The n+ type a-Si layer 7b then is etched, using
the source electrode 8a, drain electrode 9a and the
fourth mask, as etching masks. The fourth etching mask
then is removed. This forms an ohmic contact layer.
[0077] Then, referring to Figs.9, 11e, 12e, 13e, 14e
and 15e, a passivation film 12 of, for example, SiNx, is
formed to a film thickness of 100 to 500 nm, by the plas-
ma CVD method, on the entire surface of the substrate
provided with the gate electrode 3, gate bus line 2, un-
derlying metal layers 17a and 17b for the gate terminal
unit, reflector 4, underlying metal layer 19a for the com-
mon terminal unit, common bus line 21 for the drain,
gate electrodes 20d and 20e for the common device
unit, islands 7, and 20f, source electrode 8, drain elec-
trode 9, drain bus line 10, underlying metal 18a for the
drain terminal unit, common bus line 22a for the gate,
and plural source/drain electrodes 20a for the common
device unit.
[0078] As the material for the passivation film 12, such
a material is to be selected and used which will give a
sufficiently large etching selection ratio for the a-Si a7
and the gate insulating film 5, in order to form the contact
holes 6, 13 and the like in the subsequent process steps.
[0079] Then, referring to Figs.9, 11e, 12e, 13e, 14e
and 15e, a fifth mask, not shown, is formed, by a pho-
tolithography technique, on the passivation film 12.
Then, excess portions of the passivation film 12, gate
insulating film 5 or the Al/Nd layers 2b, 4b, 17b, 19a and
21b, lying in areas which later become contact holes,
are removed by, for example, dry etching, until part of
the Cr layers 2a, 4a, 8a, 10a, 17a, 18a, 19a, 20a, 20d,
20e, 21a and 22a is exposed. The fifth mask then is re-
moved. With this process, contact holes 6, 13, 17c, 18c,
19b, 20c, 21c and 22c are formed.
[0080] It is noted that the contact hole 6 exposes part
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of the Cr layer 4a of the reflector. The contact hole 13
exposes part of the source electrode (Cr layer) 8a. The
contact hole 17c exposes part of the Cr layer 17a of the
gate terminal unit. The contact hole 18c exposes part of
the Cr layer 18a of the drain terminal unit. The contact
hole 19b exposes part of the Cr layer 19a of the common
terminal unit. The contact hole 20c-expose part of the
Cr layers 2a, 20a, 20d, 20e, 21a, and 22a of the common
device unit. The contact hole 21c exposes part of the Cr
layer 21a for the common bus line for the drain. The con-
tact hole 22c exposes part of the Cr layer 22a of the
common bus line for the gate.
[0081] The reason why the Al/Nd layers 2b, 4b, 17b,
19a and 21b for the contact holes 6, 17c, 19b and part
of 20c, 20e and 21r are removed is that, without this re-
moval, the electrical conductivity of Al/Nd with the ITO
which later becomes the pixels in the subsequent proc-
ess is not good.
[0082] Then, referring to Figs.10, 11f, 12f, 13f, 14f and
15f, transparent electrode layers 14, 17d, 18d, 19c, 20g
and 23 of, for example, ITO, are deposited, by sputter-
ing, on the entire surface substrate provided with the
passivation film 12, to a film thickness of the order of 30
to 100 nm.
[0083] Finally, referring to Figs.10, 11f, 12f, 13f, 14f
and 15f, a sixth mask, not shown, is formed by a photo-
lithography technique on the transparent electrode lay-
ers 14, 17d, 18d, 19c, 20g and 23. Then, unneeded por-
tions of the transparent electrode layers are removed by
wet etching (oxalic acid, aqua regia, ferric chloride plus
hydrochloric acid). The sixth mask then is removed. This
forms a transparent electrode 14 which later becomes
a pixel electrode, a terminal 17d of the gate terminal unit,
a terminal 18d of the drain terminal unit, a terminal 19c
of the common terminal unit, a wiring 20g of the common
terminal unit and a wiring 23 across the common bus
lines 21 and 22.
[0084] It is noted that the transparent electrode 14
electrically connects the source electrode 8 and the re-
flector 4 through the contact holes 6 and 13 (see Figs.
7 and 9). The terminal 17d of the gate terminal unit, the
terminal 18d of the drain terminal unit and the terminal
19c of the common terminal unit connect to the Cr layers
17a, 18a and 19a of the respective parts through contact
holes 17c, 18c and 19b of the respective parts. Through
contact holes of an optional combination, the wiring 20f
of the common device unit electrically connects the gate
bus line 2 to the source/drain electrode 20a of the com-
mon device unit, while connecting the common bus line
22 to the gate electrode 20e of the common device unit,
connecting the common bus line 21 to the source/drain
electrode 20a of the common device unit and connect-
ing the drain bus line 10 to the gate electrode 20e of the
common device unit. The wiring 23 across the common
bus lines 21, and 22 electrically connects the common
bus lines 21, 22 across the contact holes 21c, and 22c.
[0085] If the transparent electrode 14, as the pixel
electrode, is formed on the uppermost layer of the sub-

strate, there is derived a merit that the electrical field
can be applied directly to the liquid crystal without sep-
aration by e.g., an insulating film. In light of above, the
transparent electrode 14 is desirably provided as an up-
permost layer of the substrate, even in the case of the
reflection type apparatus.
[0086] The above process may produce the active
matrix substrate, constructed as shown in Fig.11. Thus,
with the method for manufacturing the active matrix sub-
strate according to the first embodiment, described
above, a reflection type or semi-transparent type active
matrix substrate of optimum display performance, pre-
senting irregularities on its reflector, can be formed us-
ing only six masks, so that the manufacturing process
can be simplified at least by one PR as compared to the
customary manufacturing process.
[0087] The second embodiment of the present inven-
tion is now explained with reference to the drawings.
[0088] Referring to Figs.22 to 24, the active matrix
substrate according to the second embodiment is con-
structed in the following manner. The structure of the
liquid crystal display apparatus except the active matrix
substrate is the same as that of the first embodiment.
[0089] In an area of the planar surface of the insulat-
ing substrate 1, presenting the rough surface 1a in a pre-
set area thereof, plural gate lines 2 are arranged parallel
to one another. From each gate bus line 2 is branched
a gate electrode 3. On the planar top surface in the
rough surface 1a on the insulating substrate 1, there is
provided a projection member 26 formed of the same
metal as the gate electrode 3, for example, Cr, Ta, Mo,
Ti or Cr/Al. The projection member 26 serves as a basis
in forming the rough surface of the reflector 4 along with
the rough surface 1a of the insulating substrate 1. Be-
tween the projection member 26 on the insulating sub-
strate 1 and the gate electrode 3, there is formed a short-
ing prohibiting wiring 25, adapted for preventing shorting
across the reflector 4 and the gate electrode 3 and for
separating the projection member 26 from the gate elec-
trode 3.
[0090] On the insulating substrate 1, including the
gate electrode 3, a shorting prohibiting wiring 25 and the
projection member 26, a gate insulating film 5 of SiNx
or SiOx is formed. The gate insulating film 5 includes
contact holes 27, 28, at preset positions on the shorting
prohibiting wiring 25 for exposing this shorting prohibit-
ing wiring 25. The gate insulating film 5 also includes,
in its area on a roughened surface formed by the rough
surface 1a and the projection member 26 of the insulat-
ing substrate 1, a rough surface on this surface. The
contact hole 27 is a hole for electrically connecting the
source electrode 8 and the shorting prohibiting wiring
25. The contact hole 28 is a hole for electrically inter-
connecting the transparent electrode 14 and the short-
ing prohibiting wiring 25.
[0091] On the gate insulating film 5, overlying the gate
electrode 3, there is formed an island 7 comprised of a
semiconductor layer 7a and a contact electrode 7,
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stacked in this order.
[0092] Towards one end and the other end on the is-
land 7, there are formed a source electrode 8 (8a and
8b) and a drain electrode 9(9a, and 9b), respectively.
The source electrode 8 is electrically connected through
the contact hole 27 to the shorting prohibiting wiring 25.
The drain electrode 9 is branched from a drain bus line
10 (10a and 10b) intersecting the gate bus line 2 through
the gate insulating film 5.
[0093] In an area of the gate insulating film 5 overlying
the rough surface 1a of the insulating substrate, there
is formed the reflector 4 which is formed of the same
metal as the source electrode 8 or the drain electrode 9
and which serves for separating these electrodes from
each other. The surface of the reflector 4 also has a
rough surface substantially similar to the roughened sur-
face formed by the rough surface 1a and the projection
member 26. For example, the maximum height of the
surface roughness is of the order of 2 to 3 µm, with the
distance between neighboring crests of the projection
member being of the order of tens of µm. In the case of
a semi-transmission type liquid crystal display appara-
tus, an aperture 4c for transmitting a backlight are pro-
vided in an area of the rough surface of the reflector 4.
In the case of a reflection type liquid crystal display ap-
paratus, no aperture is provided in an area of the rough
surface of the reflector 4. Meanwhile, the crests and re-
cesses in the non-uniform, uneven or rough surfaces in
the drawing, shown pointed, actually are rounded
smoothly.
[0094] The gate electrode 3, gate-insulating film 5, is-
land 7, source electrode 8 and the drain electrode 9
make up a thin film transistor 11 (TFT). This TFT 11 op-
erates as a switching device.
[0095] A passivation film 12 is formed on the entire
surface of the substrate including the TFT 11 and the
reflector 4. The passivation film 12 includes a contact
hole 28 corresponding to the contact hole in the gate
insulating film 5 and has a rough surface corresponding
to the rough surface of the reflector 4.
[0096] The transparent electrode 14 is formed in the
area of the passivation film 12 presenting the rough sur-
face. The transparent electrode 14, electrically connect-
ed through the contact hole 28 to the shorting prohibiting
wiring 25, operates as a pixel electrode in conjunction
with the reflector 4.
[0097] The production process for the active matrix
substrate 15 in the liquid crystal display apparatus ac-
cording to the second embodiment is now explained.
[0098] Referring first to Figs.16, 23a, 25a, 27a, 29a
and 31a, a gate electrode layer (Cr layer, not shown),
which later becomes underlying metal layers 2a, 3a,
17a, 18a, 19a, 20d, 20e, 21a, 25 and 26, is formed on
the entire surface of the insulating substrate 1 having a
planar surface.
[0099] Referring to Figs.16, 23a, 25a, 27a, 29a and
31a, a first mask 24 is formed on the gate electrode layer
by a photolithography technique. Then, unneeded por-

tions of the gate electrode layer are removed by for ex-
ample dry etching or wet etching. This forms the gate
bus line 2, gate electrode 3, underlying metal layer 17a
of the gate terminal unit, underlying metal layer 18a of
the drain terminal unit, underlying metal layer 19a of the
common terminal unit, gate electrodes 20d, 20e for the
common device unit, common bus line 21 for the drain,
shorting prohibiting wiring 25 and the projection member
26. At this stage, the first mask 24 has not been re-
moved.
[0100] Referring to Figs.16, 23b, 25b, 27b, 29b and
31b, exposed sidewall sections of the gate bus line 2,
gate electrode 3, underlying metal layer 17a of the gate
terminal unit, underlying metal layer 18a of the drain ter-
minal unit, underlying metal layer 19a of the common
terminal unit, gate electrodes 20d, 20e for the common
device unit, common bus line 21 for the drain, shorting
prohibiting wiring 25 and the projection member 26 and
near-by surface portions of the insulating substrate 1 are
covered by the first mask 24, by reflow processing,
which is carried out to such an extent that only the first
mask 24 is melted.
[0101] Since the distance between the gate electrode
3 and the shorting prohibiting wiring 25 is several µm
and that between the neighboring projection members
26 is tens of µm, it is possible to make the first mask 24
continuous between the gate electrode 3 and the short-
ing prohibiting wiring 25 while making the first mask 24
non-continuous between the neighboring projection
members 26.
[0102] Referring to Figs.17, 23c, 25c, 27c, 29c and
31c, a rough surface 1a is formed at a preset area of the
insulating substrate 1 by for example wet etching em-
ploying HF (hydrofluoric acid), sandblasting or dry etch-
ing employing CF4 or O2. The resulting product then is
rinsed and the first mask removed. A broken line in Fig.
17 indicates a step 1b of the insulating substrate. In this
area, defined by the broken line in Fig.17, the surface
of the insulating substrate 1 is the original flat area, with
an area lying outside the surrounded area being lower
in level.
[0103] Such etching of the insulating substrate 1 in
the step following the formation of for example the gate
electrode 3 is meritorious in that, since HF is not inter-
posed between e.g., the gate electrode and glass if the
insulating substrate is formed of glass, it is possible to
prevent peeling of e.g., the gate electrode.
[0104] Referring to Figs.18, 23d, 25d, 27d, 29d and
31d, a gate insulating film 5 of e.g., SiNx, an a-Si layer
7a, which is to become a semiconductor layer, and an
n+ type a-Si layer 7b, which is to become a contact elec-
trode, are sequentially formed on the entire surface of
the insulating substrate 1 including the gate bus line 2,
gate electrode 3, underlying metal layer 17a of the gate
terminal unit, underlying metal layer 18a of the drain ter-
minal unit, underlying metal layer 19a of the common
terminal unit, gate electrodes 20d, 20e for the common
device unit, common bus line 21 for the drain, shorting
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prohibiting wiring 25 and the projection member 26.
[0105] Referring to Figs.18, 23d, 25d, 27d, 29d and
31d, a second mask, not shown, is formed on the n+

type a-Si layer 7b by the photolithography technique.
Then, unneeded portions of the a-Si layer 7a and the n+

type a-Si layer 7b are removed, by e.g., dry etching. The
second mask then is removed to form islands 7 and 20f.
[0106] Referring to Figs.19, 24e, 26e, 28e, 30e and
32e, a third mask, not shown, is formed on the gate in-
sulating film 5, including the islands 7, and 20f, by the
photolithography technique. Then, unneeded portions
of the gate insulating film 5 of an area which later be-
come a contact hole are removed, by e.g., dry etching,
until the Cr layers 2, 18a, 20e, 21 and 25 are partially
exposed. The third mask then is removed. This forms
contact holes 18e, 20c, 21c and 27.
[0107] It is noted that the contact hole 18e serves for
partially exposing the Cr layer 18a of the drain device
unit. The contact hole 20c serves for partially exposing
the Cr layers 2, 20a, 20e and 21 of the common device
unit. The contact hole 21c serves for partially exposing
the common bus line 21, while the contact hole 27
serves for partially exposing the shorting prohibiting wir-
ing 25.
[0108] Referring to Figs.20, 24f, 26f, 28f, 30f and 32f,
underlying metal layers 4a, 8a, 9a, 10a and 22a (re-
ferred to below as 'Cr'), and overlying metal layers 4b,
8b, 9b, 10b and 22b (referred to below as 'Al/Nd'), are
deposited in this order, to form a source/drain electrode
layer.
[0109] Referring to Figs. 20, 24f, 26f, 28f, 30f and 32f,
a fourth mask, not shown, is formed on the source/drain
electrode layer, by a photolithography technique. Then,
unneeded portions of the source/drain electrode layers
are removed, such as by dry etching or wet etching. This
forms the reflector 4, source electrode 8, drain electrode
9, and drain bus line 10, source/drain electrodes 20a,
20b for the common device unit and the common bus
line 22 for the gate.
[0110] It is noted that, for the reflection type apparatus
or the semi-transmitting type apparatus, the reflector 4
is or is not provided with an aperture, respectively. On
the other hand, the reflector 4 is connected to the source
electrode 8, while the source electrode 8 is connected
through the contact hole 27 to the shorting prohibiting
wiring 25. The source/drain electrodes 20a, and 20b for
the common device unit are connected through the con-
tact hole 20c to the gate bus line 2, common bus line 21
for the drain or to the gate electrode 20e of the common
device unit. The common bus line 22 for the gate is con-
nected through the contact hole 21c to the common bus
line 21 for the drain.
[0111] Then, using the metal layer, for example, the
source electrode 8 or the drain electrode 9, and the
fourth mask, as etching masks, the n+ type a-Si layer 7b
is etched. The fourth mask then is removed. This forms
an ohmic contact layer.
[0112] Referring to Figs. 21, 24g, 26g, 28g, 30g and

32g, a passivation film 12 is formed, such as by plasma
CVD method, on the entire surface of the gate insulating
film 5, including the source electrode 8, drain electrode
9, drain bus line 10, source/drain electrodes 20a, and
20b for the common device unit and the common bus
line 22 for the gate and on the reflector 4.
[0113] Referring to Figs.21, 24g, 26g, 28g, 30g and
32g, a fifth mask, not shown, is formed on the passiva-
tion film 12 by a photolithography technique. Then, un-
needed portions of the passivation film 12 or the gate
insulating film 5 in an area which later becomes the con-
tact hole are removed, such as by dry etching, until the
Cr layers 17a, 18a, 19a and 25 are partially exposed.
The fifth mask then is removed. This forms the contact
holes 17c, 18c, 19b and 28.
[0114] It is noted that the contact hole 17c serves for
partially exposing the Cr layer 17a of the gate terminal
unit. The contact hole 18c serves for partially exposing
the Cr layer 18 of the drain terminal unit in an area other
than the contact hole 18e. The contact hole 19b serves
for partially exposing the Cr layer 19a of the common
terminal unit, while the contact hole 28 serves for par-
tially exposing the shorting prohibiting wiring 25 in an
area other than the contact hole 27.
[0115] Referring to Figs. 22, 24h, 26h, 28h, 30h and
32h, transparent electrode layers 14, 17d, 18d and 19c
of, for example, ITO, are deposited, such as by sputter-
ing, on the entire surface of the substrate, including the
passivation film 12.
[0116] Referring to Figs. 22, 24h, 26h, 28h, 30h and
32h, a sixth mask, not shown, is finally formed, such as
by a photolithography technique, on the transparent
electrode layers 14, 17d, 18d and 19c. An excess por-
tion of the transparent electrode layers is then removed
such as by wet etching. This forms the transparent elec-
trode 14, which later becomes the pixel electrode, the
terminal 17d of the gate terminal unit, terminal 18d of
the drain terminal unit and the terminal 19c of the com-
mon terminal portion.
[0117] It is noted that the transparent electrode 14 is
electrically connected to the shorting prohibiting wiring
25 through contact hole 28. The terminal 17d of the gate
terminal unit, the terminal 18d of the drain terminal unit
and the terminal 19c of the common terminal unit are
connected to the Cr layers 17a, 18a and 19a of the re-
spective portions through the contact holes 17c, 18c and
19c of the respective portions.
[0118] The above process renders it possible to man-
ufacture an active matrix substrate having a structure
shown in Fig.22. With the manufacturing method for the
active matrix substrate according to the second embod-
iment, a reflection or semi-transmission type active ma-
trix substrate, with an optimum display function, having
a reflector presenting a rough surface, may be pro-
duced, using only six masks, thus achieving a process
simplified by at least one PR step as compared to the
conventional manufacturing method.
[0119] A third embodiment is now explained by refer-
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ring to the drawings.
[0120] Referring to Figs.39 to 40, the active matrix
substrate of the third embodiment is constructed as fol-
lows. It is noted that the structure of the liquid crystal
display apparatus except the active matrix substrate is
the same as that of the first embodiment.
[0121] In an area of the planar surface of the insulat-
ing substrate 1, presenting the rough surface 1a in a pre-
set area thereof, plural gate lines 2 are arranged parallel
to one another. From each gate bus line 2 is branched
a gate electrode 3. On the planar top surface in the
rough surface 1a on the insulating substrate 1, there are
provided plural projection members 26 formed of the
same metal as that of the gate electrode 3, for example,
Cr, Ta, Mo, Ti or Cr/Al. The projection member 26 serves
as a basis in forming the rough surface of the reflector
4 along with the rough surface 1a of the insulating sub-
strate 1.
[0122] On the insulating substrate 1, including the
gate electrode 3 and the projection member 26, a gate
insulating film 5 of SiNx or SiOx is formed. The gate in-
sulating film 5 also includes, in an area of the surface
lying on the rough surface formed by the rough surface
1a and the projection member 26 of the insulating sub-
strate 1, a rough surface.
[0123] On the insulating substrate 1 overlying the gate
electrode 3, there is formed an island 7 comprised of a
semiconductor layer 7a and a contact electrode 7b,
stacked in this order.
[0124] Towards one end and the other end on the is-
land 7, there are formed a source electrode 8 (8a and
8b) and a drain electrode 9(9a and 9b), respectively. The
reflector 4 (4a and 4b) is formed, without separation, in
the same layer as the source electrode 8, in an area on
the gate insulating film 5 overlying the roughened sur-
face formed by the rough surface 1a of the insulating
substrate 1 and the projection member 26. The surface
of the reflector 4 presents a rough surface substantially
similar to the roughened surface formed by the rough
surface 1a of the insulating substrate 1 and the projec-
tion member 26, with the maximum height of the surface
roughness being on the order of two to three µm, with
the separation between the crests of the neighboring
projection member 26 being tens of µm. In the case of
the semi-transmission type liquid crystal display appa-
ratus, there is formed aperture 4c in a portion of the area
of the rough surface in the reflector 4 for transmitting the
light rays of the backlight. In the case of the reflection
type liquid crystal display apparatus, no aperture is pro-
vided in the area of the rough surface of the reflector 4.
Although the crests and dents of the rough surface as
shown in the drawings are seen to be pointed, these are
actually rounded smoothly. The drain electrode 9 is
branched from the drain bus lines 10 (10a and 10b) in-
tersecting the gate bus line 2 via gate insulating film 5.
[0125] The gate electrode 3, gate-insulating film 5, is-
land 7, source electrode 8 and the drain electrode 9 con-
stitute a thin-film transistor (TFT) 11. This TFT 11 oper-

ates as a switching device.
[0126] On the entire surface of the substrate including
the TFT 11 and the reflector 4, there is formed a passi-
vation film 12 including a contact hole 6 in a preset area
of the rough surface of the reflector 4, for exposing the
Cr layer 4a of the reflector 4, and in an area of the sur-
face of the reflector 4, there is provided a rough surface
lying on this rough surface.
[0127] In an area on the passivation film 12 having the
rough surface, there is provided a transparent electrode
14 which connects to the reflector 4 through the first con-
tact hole 6. The transparent electrode 14 operates, to-
gether with the reflector 4, as pixel electrodes.
[0128] The production process for the active matrix
substrate in the liquid crystal display apparatus accord-
ing to the third embodiment is now explained.
[0129] Referring first to Figs.33, 39a, 41a, 43a, 44a
and 45a, a gate electrode layer (Cr layer, not shown),
which later becomes underlying metal layers 2a, 3a,
17a, 18a, 19a, 20d, 20e and 21a, is formed on the entire
surface of the insulating substrate 1 having a planar sur-
face.
[0130] Referring to Figs.33, 39a, 41a, 43a, 44a and
45a, a first mask 24 is formed on the gate electrode layer
by a photolithography technique. Then, unneeded por-
tions of the gate electrode layer are removed by for ex-
ample dry etching or wet etching. This forms the gate
bus line 2, gate electrode 3, underlying metal layer 17a
of the gate terminal unit, underlying metal layer 19a for
the common terminal unit, gate electrodes 20d, 20e for
the common device unit and the common bus line 21 for
the drain. At this stage, the first mask 24 has not been
removed.
[0131] Referring to Figs.33, 39b, 41b, 43b, 44b and
45b, exposed sidewall sections of the gate bus line 2,
gate electrode 3, underlying metal layer 17a of the gate
terminal unit, underlying metal layer 19a of the common
terminal unit, gate electrodes 20d, and 20e for the com-
mon device unit and the common bus line 21 for the
drain, and near-by surface portions of the insulating sub-
strate 1, are covered by the first mask 24, by reflow
processing, which is carried out to such an extent that
only the first mask 24 is melted.
[0132] Referring to Figs.34, 39c, 41c, 43c, 44c and
45c, the rough surface 1a is formed at a preset area of
the insulating substrate 1 by for example wet etching
employing HF (hydrofluoric acid), sandblasting or dry
etching employing CF4 or O2. The resulting product then
is rinsed and the first mask removed. The broken line in
Fig.34 indicates a step 1b of the insulating substrate. In
this area, defined by the broken line in the drawing, the
surface of the insulating substrate 1 is the original flat
area, with an area lying outside the surrounded area be-
ing lower in level.
[0133] Referring to Figs.35, 39d, 41d, 43d, 44d and
45d, a gate insulating film 5 of e.g., SiNx, an a-Si layer
7a, which is to become a semiconductor layer and an
n+ type a-Si layer 7b which is to become a contact elec-
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trode, are sequentially formed on the entire surface of
the insulating substrate 1 including the gate bus line 2,
gate electrode 3, underlying metal layer 17a of the gate
terminal unit, underlying metal layer 19a of the common
terminal unit, gate electrodes 20d, and 20e for the com-
mon device unit and the common bus line 21 for the
drain.
[0134] Referring to Figs.35, 39d, 41d, 43d, 44d and
45d, a second mask, not shown, is formed on the n+

type a-Si layer 7b by the photolithography technique.
Then, unneeded portions of the a-Si layer 7a and the n+

type a-Si layer 7b are removed, by e.g., dry etching. The
second mask then is removed to form islands 7 and 20f.
[0135] Then, referring to Figs.36, 40e, 42e, 43e, 44e
and 45e, underlying metal layers 4a, 8a, and 9a. 10a
and 22a (referred to below as 'Cr'), and metal overlying
layers 4b, 8b, 9b, 10b and 22b of, for example, Al (re-
ferred to below as 'Al/Nd') are deposited in this order on
the entire surface of the insulating substrate to form a
source/drain electrode layer, not shown.
[0136] Referring now to Figs.36, 40e, 42e, 43e, 44e
and 45e, a third mask, not shown, is formed by the pho-
tolithography technique on a source/drain electrode lay-
er. Then, unneeded portions of the source/drain elec-
trode layer are removed by for example dry etching or
wet etching. This forms the reflector 4, source electrode
8, drain electrode 9, drain bus line 10, source/drain elec-
trode layers 20a, 20b for the common device unit, and
the common bus line 22 for the gate.
[0137] In the case of the reflection type liquid crystal
display apparatus, no aperture is provided in the rough
surface in the reflector 4. In the case of the semi-trans-
mission type liquid crystal display apparatus, there is
formed an aperture 4c. The reflector 4 is formed on the
same layer with the source electrode 8 and is continu-
ous to the source electrode 8.
[0138] Then, using the metal layers, inclusive of the
source electrode 8 and the drain electrode 9, and the
third mask, as etching masks, the n+ type a-Si layer 7b
is etched. The third mask then is removed to form an
ohmic contact layer.
[0139] Then, referring to Figs.37, 40f, 42f, 43f, 44f and
45f, a passivation film 12 is formed, by e.g., the plasma
CVD method, on the entire surface of the gate insulating
film 5, inclusive of the reflector 4, source electrode 8,
drain electrode 9, drain bus line 10, source/drain elec-
trodes 20a, 20b for the common device part, and the
common bus line 22 for the gate.
[0140] Then, referring to Figs.37, 40f, 42f, 43f, 44f and
45f, a fourth mask, not shown, is formed on the passi-
vation film 12 by the photolithography technique. Then,
unneeded portions of the passivation film 12, gate insu-
lating film 5 or the Al/Nd layers 2b, 4b, 17b, 19a, 21a,
lying in an area which later becomes the contact hole,
are removed, such as by dry etching, until the Cr layers
2a, 4a, 10a, 17a, 18a, 19a, 20a, 20d, 20e, 21a and 22a
are partially exposed. The fourth mask then is removed.
This forms contact holes 6, 17c, 18c, 19b, 20c, 21c and

22c.
[0141] The contact holes 6, 17c, 18c, 19b, 20c, 21c
and 22c are those for partially exposing the Cr layer 4a
of the reflector, the Cr layer 17a of the gate terminal unit,
the Cr layer 18a of the drain terminal unit, the Cr layer
19a of the common terminal unit, the Cr layers 2a, 20a,
20d, 20e, 21a and 22a of the common device unit, the
Cr layer 21a of the common bus line for the drain and
those for partially exposing the Cr layer 22a of the com-
mon bus line Cr for the gate, respectively.
[0142] Then, referring to Figs.38, 40g, 42g, 43g, 44g
and 45g, on the entire substrate surface including the
passivation film 12, the transparent electrode layers 14,
17d, 18d, 19c, 20g and 23 of ITO or the like are depos-
ited, such as by sputtering method.
[0143] Finally, referring to Figs.38, 40g, 42g, 43g, 44g
and 45g,a fifth mask, not shown, is formed on the trans-
parent electrode layers 14, 17d, 18d, 19c, 20g and 23,
such as by the photolithography technique. Then, un-
needed portions of the transparent electrode layers are
removed; such as by wet etching. The fifth mask then is
removed. This forms the transparent electrode 14, as
pixel electrodes, terminal 17d of the gate terminal unit,
terminal 18d of the drain terminal unit, terminal 19c of
the common terminal unit, wiring 20g of the common de-
vice unit and the wiring 23 across the common bus lines
21 and 22.
[0144] The transparent electrode 14 electrically con-
nects to the Cr layer 4a of the reflector through the con-
tact hole 6. The terminal 17d of the gate terminal unit,
the terminal 18d of the drain terminal unit and the termi-
nal 19c of the common terminal unit connect to the Cr
layers 17a, 18a and 19a of the respective units, respec-
tively, through the contact holes 17c, 18c and 19b of the
respective units, respectively. Through the contact
holes 20c of optional combinations, the wiring 20f of the
common device unit electrically connects the gate bus
line 2 to the source/drain electrode 20a of the common
device unit, while electrically connecting the common
bus line 22 to the gate electrode 20e of the common
device unit, electrically connecting the common bus 21
to the source/drain electrode 20a of the common device
unit and electrically connecting the drain bus line 10 to
the gate electrode 20e of the common device unit. The
wiring 23 across the common bus lines 21 and 22 elec-
trically interconnects the common bus lines 21 and 22
through contact holes 21c and 22c.
[0145] The above process renders it possible to pre-
pare the active matrix substrate having the structure
shown in Fig.38. With the method for producing the ac-
tive matrix substrate according to the third embodiment,
described above, it is possible to produce a reflection or
semi-transmitting type active matrix substrate, having a
reflector presenting a rough surface, and which exhibits
optimum display performance, using only five masks,
thus simplifying the production method by at least two
PRs as compared to the conventional production meth-
od.

31 32



EP 1 273 961 A2

18

5

10

15

20

25

30

35

40

45

50

55

[0146] A fourth embodiment is now explained by re-
ferring to the drawings.
[0147] Referring to Figs.52 to 54, the active matrix
substrate according to the fourth embodiment is con-
structed as follows. It is noted that the structure of the
liquid crystal display apparatus except the active matrix
substrate is the same as that of the first embodiment.
[0148] In an area of the planar surface of the insulat-
ing substrate 1, presenting the rough surface 1a in a pre-
set area thereof, plural gate lines 2 are arranged parallel
to one another. From each gate bus line 2 is branched
a gate electrode 3.
[0149] A gate insulating film 5 of, for example, SiNx,
is formed on the insulating substrate 1 including the gate
electrode 3. On the planar surface of the insulating sub-
strate 1, presenting the rough surface 1a, there are pro-
vided plural projection members 5a formed of the same
metal as that of the gate insulating film, for example,
SiNx. Projection members 5a serve as a basis in forming
the rough surface of the reflector 4 along with the rough
surface 1a of the insulating substrate 1. Although not
shown, plural projection members of the same metal as
that of the gate electrode 3, such as Cr, may be provided
between the top planar surfaces of the rough surface 1a
of the insulating substrate 1 and the projection members
5a as in the second and third embodiment (refer to pro-
jection members 26 of Figs.23 and 39).
[0150] On the insulating substrate 1 overlying the gate
electrode 3, there is formed an island 7 comprised of a
semiconductor layer 7a and a contact electrode 7b, lam-
inated in this order.
[0151] Towards one end and the other end on the is-
land 7, there are formed a source electrode 8 (8a and
8b) and a drain electrode 9(9a, and 9b), respectively.
The drain electrode 9 is branched from the drain bus
line 10 (10a intersecting the gate bus line 2 via gate in-
sulating film 5.
[0152] The gate electrode 3, gate-insulating film 5, is-
land 7, source electrode 8 and the drain electrode 9 con-
stitute a thin-film transistor (TFT) 11. This TFT 11 oper-
ates as a switching device.
[0153] On the substrate inclusive of the TFT 11, there
is formed a passivation film 12. The passivation film 12
includes contact holes 6, 13, in preset areas of the
source electrode 8, for exposing its Cr layer 8a. The con-
tact hole 6 serves for electrically interconnecting the
source electrode 8a and the reflector 4b, while the con-
tact hole 6 serves for electrically interconnecting the
source electrode 8a and the transparent electrode 14.
On the top of the projection member 5a, there is provid-
ed a projection member 12a formed of the same mate-
rial as that of the passivation film 12, for example SiNx.
[0154] The reflector 4(4b) is formed in an area from
the roughened surface formed by the rough surface 1a
of the insulating substrate 1 and the projection members
5a and 12a, or projection members by the Cr layer, up
to an area overlying the passivation film 12 in turn over-
lying the TFT 11. The reflector 4b overlying the rough-

ened surface formed by the rough surface 1a of the in-
sulating substrate 1 and by the projection members 5a,
12a, occasionally the projection members by the Cr lay-
er, and the reflector 4b overlying the TFT 11, are formed
by the same process and are electrically conducting to
each other. The surface of the reflector 4 presents a
rough surface lying on the roughened surface formed
by the rough surface 1a of the insulating substrate 1 and
by the projection members 5a, 12a, with the rough sur-
face being of substantially the same shape as the rough-
ened surface. The maximum height of the surface
roughness is on the order of 2 to 3 µm, with the spacing
between adjoining crests being on the order of tens of
µm. In the case of the semi-transmission type liquid
crystal display apparatus, there is formed an aperture
4c in a portion of an area of the rough surface of the
reflector 4 for transmitting the light rays from the back-
light. In the case of the reflection type liquid crystal dis-
play apparatus, no aperture is provided in the rough sur-
face in the reflector 4. Although the crests and dents of
the rough surface and the rough surface as shown in
the drawings are seen to be pointed these crests and
groves are actually rounded smoothly.
[0155] On the reflector 4 and on an area of the passi-
vation film 12 including the rough surface there is pro-
vided a transparent electrode 14, which transparent
electrode 14 is electrically connected to the source elec-
trode 8 through the contact hole 6. The transparent elec-
trode 14 operates as pixel electrodes in conjunction with
the reflector 4. When the transparent electrode 14 is
formed in contact with the reflector 4, and the reflector
4 is formed of metal including Al, ITO as the material of
the transparent electrode 14 is effective to prevent hill-
ocks from being produced by Al. The transparent elec-
trode 14 (ITO) is not optimum in electrical conductivity
to the reflector 4 (Al/Nd) and hence is supplied with pow-
er predominantly from the source electrode 8 (Cr).
[0156] The production process for producing the ac-
tive matrix substrate in the liquid crystal display appara-
tus according to the fourth embodiment is hereinafter
explained.
[0157] Referring first to Figs.46, 53a, 55a, 55a, 59a
and 61a, a gate electrode layer (Cr layer, not shown),
which is to become the underlying metal layers 2a, 3a,
17a, 19a, 20d, 20e and 21a, is formed on the entire sur-
face of the insulating substrate 1 having a planar sur-
face.
[0158] Then, referring to Figs.46, 53a, 57a, 55a, 59a
and 61a, a first mask, not shown, is formed on the gate
electrode layer by the photolithography technique.
Then, unneeded portions of the gate electrode layer are
removed by for example dry etching or wet etching. The
first mask then is removed. This sequentially forms the
gate bus line 2, gate electrode 3, underlying metal layer
17a for the gate terminal unit, underlying metal layer 19a
for the common terminal unit, gate electrodes 20d, 20e
for the common device unit, and the common bus line
21 for the drain.
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[0159] Then, referring to Figs.47, 53b, 55b, 57b, 59b
and 61b, the gate insulating film 5 of, for example, SiNx,
the a-Si layer 7a, which becomes the semiconductor
layer, and the n+ type a-Si layer 7b, which becomes he
contact electrode, are sequentially formed on the entire
substrate surface comprising the gate bus line 2, gate
electrode 3, underlying metal layer 17a for the gate ter-
minal unit, underlying metal layer 19a for the common
terminal unit, gate electrodes 20d, and 20e for the com-
mon device unit, and the common bus line 21 for the
drain.
[0160] Then, referring to Figs.47, 53b, 55b, 57b, 59b
and 61b, a second mask, not shown, is formed by the
photolithography technique on the n+ type a-Si layer 7b.
Then, unneeded portions of the a-Si layer 7a and the n+

type a-Si layer 7b are removed, such as by dry etching,
and subsequently the second mask is removed. This
forms islands 7 and 20f.
[0161] Then, referring to Figs.48, 53c, 55c, 57c, 59c
and 61c, a source/drain electrode layer, not shown,
comprised of metal layers 4a, 8a, 9a, 10a and 22a of,
for example, Cr (referred to below as 'Cr'), is formed on
the entire substrate surface.
[0162] Referring to Figs.48, 53c, 55c, 57c, 59c and
61c, a third mask, not shown, is formed on the source/
drain electrode layer by the photolithography technique.
Then, unneeded portions of the source/drain electrode
layer are removed by for example dry etching or wet
etching. This forms the source electrode 8, drain elec-
trode 9, and drain bus line 10, source/drain electrodes
20a and 20b for the common device unit and the com-
mon bus line 22 for the gate.
[0163] Then, using the metal layers, such as source
electrode 8 or drain electrode 9, and the third mask, as
the etching masks, the n+ type a-Si layer 7b is etched
and subsequently the third mask is removed to form an
ohmic contact layer.
[0164] Referring to Figs.49, 53d, 55d, 57d, 59d and
61d, the passivation film 12 is formed, by the plasma
CVD method, on the entire surface of the gate insulating
film 5, including the source electrode 8, drain electrode
9, drain bus line 10, source/drain electrodes 20a and
20b for the common device unit and the common bus
line 22 for the gate.
[0165] Referring to Figs.49, 53d, 55d, 57d, 59d and
61d, a fourth mask 29 is formed on the passivation film
12, by the photolithography technique. Then, excess
portions of the passivation film 12 or the gate insulating
film 5, lying in an area which later becomes the contact
hole, are removed by e.g., dry etching, until the insulat-
ing substrate 1 or Cr layers 2a, 8a, 10a, 17a, 18a, 19a,
20a, 20d, 20e, 21a and 22a are partially exposed. This
forms contact holes 6, 13, 17c, 18c, 19b, 20c, 21c and
22c and projection members 5a and 12a. At this stage,
the fourth mask 29 has not been removed.
[0166] It is noted that the contact hole 6 partially ex-
poses part of the source electrode 8a. The contact hole
13 exposes part of the source electrode 8a. The contact

hole 17c partially exposes part of the Cr layer 17a of the
gate terminal unit. The contact hole 18c partially expos-
es part of the Cr layer 18a of the drain terminal unit. The
contact hole 19b partially exposes part of the Cr layer
19a of the common terminal unit. The contact hole 20c
partially exposes part of the Cr layers 2a, 20a, 20d, 20e,
21a and 22a of the common device unit. The contact
hole 21c partially exposes part of the Cr layer 21a for
the common bus line for the drain. The contact hole 22c
partially exposes part of the Cr layer 22a of the common
bus line for the gate.
[0167] Referring to Figs.49, 54e, 56e, 58e, 60e and
62e, exposed sidewall sections of the gate insulating
film 5, passivation film 12 and the projection members
5a, 12a and near-by surface portions of the insulating
substrate 1 are covered by the fourth mask 29, by reflow
processing, which is carried out to such an extent that
only the fourth mask 29 is melted. The contact holes 6,
13, 17c, 18c, 19b, 20c, 21c and 22c as well as the ex-
posed surface portions of the Cr layers 2a, 8a, 10a, 17a,
18a, 19a, 20a, 20d, 20e, 21a, and 22a are closed by the
fourth mask 29.
[0168] Since the diameter of the contact hole includ-
ing the surface of the Cr layer is on the order of several
µm and the interval between the neighboring projection
members 5a and 12a is tens of µm, it is possible to cover
the surface of each contact hole including the surface
of the Cr layer with the fourth mask 29 in such a manner
that the fourth mask 29 is non-continuous between the
neighboring projection members 5a and 12a. In this
manner, the exposed surface not covered by the fourth
mask 29 may be only the portion of the insulating sub-
strate 1 between the respective projection members 5a
and 12a.
[0169] Referring to Figs.50, 54f, 56f, 58f, 60f and 62f,
a rough surface 1a then is formed in a preset area of the
insulating substrate 1 by wet etching, employing HF (hy-
drofluoric acid), sandblasting, or dry etching, employing
CF4 or O2, a rough surface 1a is formed. The resulting
product is washed and the first mask is removed.
[0170] Referring to Figs.51, 54g, 56g, 58g, 60g and
62g, a layer of a reflector, formed by a metal layer 4b of,
for example, Al/Nd (referred to below as 'Al/Nd'), is
formed on the entire surface of the substrate including
the passivation film 12.
[0171] Referring to Figs.51, 54g, 56g, 58g, 60g and
62g, a fifth mask, not shown, is formed, by the photoli-
thography technique, on the layer of the reflector. Then,
unneeded portions of the layer of the reflector are re-
moved by for example dry etching or wet etching. The
fifth mask then is removed. This forms the reflector 4b.
[0172] In the case of the reflection type apparatus, no
aperture is provided in the reflector 4, whereas, in the
semi-transmission type apparatus, an aperture 4c is
provided in the reflector 4. The reflector 4 connects to
the source electrode 8 through the contact hole 6. Since
the reflector (Al/Nd) 4 is of a material different than the
source electrode (Cr) 8, the layer of the reflector can be
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selectively etched, based on the difference in the selec-
tion ratio, so that the Cr layers 2a, 8a, 10a, 17a, 18a,
19a, 20a, 20d, 20e, 21a and 22a can be exposed from
the contact holes 13, 17c, 18c, 19b, 20c, 21c, 22c. On
the other hand, the reflector 4b, above the roughened
surface formed by the rough surface 1a and the projec-
tion members 5a and 12a, is electrically connected to
the reflector 4b above the TFT 11.
[0173] Referring to Figs.52, 54h, 56h, 58h, 60h and
62h, the transparent electrode layers 14, 17d, 18d, 19c,
20g and 23 of, for example, ITO, are deposited by for
example sputtering on the entire substrate surface
which includes the passivation film 12.
[0174] Finally, referring to Figs.52, 54h, 56h, 58h, 60h
and 62h, a sixth mask, not shown, is formed, by the pho-
tolithography technique, on the transparent electrode
layers 14, 17d, 18d, 19c, 20g and 23. Then, redundant
portions of the transparent electrode layers are removed
by for example wet etching. The sixth mask then is re-
moved. This forms a transparent electrode 14 which lat-
er becomes pixel electrodes, a terminal 17d of the gate
terminal unit, a terminal 18d of the drain terminal unit, a
terminal 19c of the common terminal unit, a wiring 20g
of the common terminal unit and a wiring 23 across the
common bus lines 21 and 22.
[0175] It is noted that the transparent electrode 14
electrically connects to the source electrode 8a through
the contact hole 13. The terminal 17d of the gate termi-
nal unit, the terminal 18d of the drain terminal unit and
the terminal 19c of the common terminal unit connect to
the Cr layers 17a, 18a and 19a of the respective units
through contact holes 17c, 18c and 19b of the respective
units. Through two contact holes 20c of an optional com-
bination, the wiring 20f of the common device unit elec-
trically connects the gate bus line 2 to the source/drain
electrode 20a of the common device unit, while connect-
ing the common bus line 22 to the gate electrode 20e of
the common device unit, connecting the common bus
line 21 to the source/drain electrode 20a of the common
device unit and connecting the drain bus line 10 to the
gate electrode 20e of the common device unit. The wir-
ing 23 across the common bus lines 21 and 22 electri-
cally connects the common bus lines 21 and 22 across
the contact holes 21c and 22c.
[0176] The above process renders it possible to man-
ufacture an active matrix substrate having a structure
shown in Fig.52. With the manufacturing method for the
active matrix substrate according to the fourth embodi-
ment, a reflection or semi-transmission type active ma-
trix substrate, with an optimum display function, having
a reflector presenting a rough surface, may be pro-
duced, using only six masks, thus achieving a process
simplified by at least one PR step as compared to the
conventional manufacturing method.
[0177] A fifth embodiment of the present invention is
now explained by referring to the drawings.
[0178] Referring to Figs.68 to 70, the active matrix
substrate according to the fifth embodiment is construct-

ed as follows. It is noted that the structure of the liquid
crystal display apparatus except the active matrix sub-
strate is the same as that of the first embodiment.
[0179] In an area of the planar surface of the insulat-
ing substrate 1, presenting the rough surface 1a in a pre-
set area thereof, plural gate lines 2 are arranged parallel
to one another. From each gate bus line 2 is branched
a gate electrode 3.
[0180] On the insulating substrate 1, including a gate
electrode 3, there is formed a gate insulating film 5
formed of, for example, SiNx. On the planar top surface
in the rough surface 1a on the insulating substrate 1,
there are provided projection members 5a formed of the
same metal as the gate insulating film 5, such as SiNx.
The projection members 5a serve as the basis in form-
ing the rough surface of a reflector 4 along with the rough
surface 1a of the insulating substrate 1. Between the
projection members 5a on the insulating substrate 1 and
the gate electrode 3, there is formed a shorting prohib-
iting wiring 25 for preventing shorting across the reflec-
tor 4 and the gate electrode 3 and for separating the
projection members 5a from the gate electrode 3.
[0181] On the insulating substrate 1, including the
gate electrode 3 and the shorting prohibiting wiring 25,
a gate insulating film 5 of for example SiNx is formed.
The gate insulating film 5 includes contact holes 27 and
28, at preset positions on the shorting prohibiting wiring
25 for exposing this shorting prohibiting wiring 25. The
contact hole 27 is a hole for electrically connecting the
source electrode 8 and the shorting prohibiting wiring
25. The contact hole 28 is a hole for electrically inter-
connecting the transparent electrode 14 and the short-
ing prohibiting wiring 25.
[0182] On the gate insulating film 5 overlying the gate
electrode 3, there is formed an island 7 comprised of a
semiconductor layer 7a and a contact electrode 7b, lam-
inated in this order.
[0183] Towards one end and the other end on the is-
land 7, there are formed a source electrode 8 (8a and
8b) and a drain electrode 9(9a, 9b), respectively. The
source electrode 8 is electrically connected through the
contact hole 27 to the shorting prohibiting wiring 25. The
reflector 4 (4a and 4b) is formed, without separation in
the same layer as the source electrode 8, in an area
overlying the roughened surface formed by the rough
surface 1a of the insulating substrate 1 and the projec-
tion members 5a. The surface of the reflector 4 presents
a rough surface substantially similar to the roughened
surface formed by the rough surface 1a of the insulating
substrate 1 and the projection member 26, with the max-
imum height of the surface roughness being on the order
of two to three µm, with the separation between the
crests of the neighboring projection member 26 being
tens of µm. In the case of the semi-transmission type
liquid crystal display apparatus, there is formed an ap-
erture 4c in a portion of the area of the rough surface in
the reflector 4 for transmitting the backlight. In the case
of the reflection type liquid crystal display apparatus, no
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aperture 4c is provided in the area of the rough surface
of the reflector 4. Although the crests and dents of the
rough surface as shown in the drawings are seen to be
pointed these crests and dents are actually rounded
smoothly. The drain electrode 9 is branched from the
drain bus line 10 (10a, 10b) intersecting the gate bus
line 2 through the gate insulating film 5.
[0184] The gate electrode 3, gate-insulating film 5, is-
land 7, source electrode 8 and the drain electrode 9 con-
stitute a thin-film transistor (TFT) 11. This TFT 11 oper-
ates as a switching device.
[0185] On the entire surface of the substrate including
the TFT 11 and the reflector 4, there is formed a passi-
vation film 12. The passivation film 12 includes a first
contact hole 28 corresponding to the contact hole 28 in
the gate insulating film 5 for exposing the shorting pro-
hibiting wiring 25. The contact hole 28 electrically con-
nects the shorting prohibiting wiring 25 to the transpar-
ent electrode 14.
[0186] The transparent electrode 14, provided in an
area including the passivation film 12, is electrically con-
nected to the shorting prohibiting wiring 25 through the
contact hole 28. The transparent electrode 14 operates
as a pixel electrode along with the reflector 4.
[0187] The production process for producing the ac-
tive matrix substrate in the liquid crystal display appara-
tus according to the fifth embodiment is hereinafter ex-
plained.
[0188] Referring first to Figs.63, 69a, 71a, 73a, 75a
and 77a, a gate electrode layer (Cr layer, not shown),
which is to become the underlying metal layers 2a, 3a,
17a, 18a, 19a, 20d, 20e, 21a and 25, is formed on the
entire surface of the insulating substrate 1 having a pla-
nar surface.
[0189] Then, referring to Figs.63, 69a, 71a, 73a, 75a
and 77a, a first mask, not shown, is formed on the gate
electrode layer by the photolithography technique.
Then, unneeded portions of the gate electrode layer are
removed by for example dry etching or wet etching. The
first mask then is removed. This sequentially forms the
gate bus line 2, gate electrode 3, underlying metal layer
17a for the gate terminal unit, underlying metal layer 19a
for the common terminal unit, gate electrodes 20d, 20e
for the common device unit, common bus line 21 for the
drain, and the shorting prohibiting wiring 25.
[0190] Then, referring to Figs.64, 69b, 71b, 73b, 75b
and 77b, the gate insulating film 5 of, for example, SiNx,
the a-Si layer 7a, which becomes the semiconductor
layer, and the n+ type a-Si layer 7b, which becomes the
contact electrode, are sequentially formed on the entire
substrate surface comprising the gate bus line 2, gate
electrode 3, underlying metal layer 17a for the gate ter-
minal unit, underlying metal layer 18a for the drain ter-
minal unit, underlying metal layer 19a for the common
terminal unit, gate electrodes 20d, 20e for the common
device unit, common bus line 21 for the drain and the
shorting prohibiting wiring 25.
[0191] Then, referring to Figs.64, 69b, 71b, 73b, 75b

and 77b, a second mask, not shown, is formed by the
photolithography technique on the n+ type a-Si layer 7b.
Then, unneeded portions of the a-Si layer 7a and the n+

type a-Si layer 7b are removed, such as by dry etching,
and subsequently the second mask is removed. This
forms islands 7, 20f.
[0192] Referring to Figs.65, 69c, 71c, 73c, 75c and
77c, a third mask 30 is formed on the gate insulation film
5, including the islands 7 and 20f, by the photolithogra-
phy technique. Then, excess portions of the gate insu-
lating film 5, lying in an area which later becomes the
contact hole, other than the projection members 5a, are
removed by e.g., dry etching, until the Cr layers 2, 18a,
20e, 21 and 25 are partially exposed. This forms contact
holes 18e, 20c, 21c and 27. At this stage, the third mask
30 has not been removed.
[0193] It is noted that the contact hole 18e partially
exposes part of the Cr layer 18a of the drain terminal
unit. The contact hole 20c partially exposes part of the
Cr layers 2, 20a, 20e and 21 of the common device unit.
The contact hole 21c partially exposes part of the com-
mon bus line 21. The contact hole 27 partially exposes
part of the shorting prohibiting wiring 25.
[0194] Referring to Figs.65, 69d, 71d, 73d, 75d and
77d, exposed sidewall sections of the gate insulating
film 5 and the projection members 5a and near-by sur-
face portions of the insulating substrate 1 are covered
by the third mask 30, by reflow processing, which is car-
ried out to such an extent that only the third mask 29 is
melted. The third mask 30 closes the contact holes18e,
20c, 21c and 27 as well as the exposed surface portions
of the Cr layers 2, 18e, 20e, 21 and 25.
[0195] Since the diameter of the contact hole includ-
ing the surface of the Cr layer is on the order of several
µm, the spacing between the gate electrode 3 and the
shorting prohibiting wiring 25 is several µm and the in-
terval between the projection members 5 is tens of µm,
it is possible for the third mask 30 to be non-continuous
between the neighboring projection members 5a and for
the first masks 24 to be continuous between the gate
electrode 3 and the shorting prohibiting wiring 25. In this
manner, it becomes possible for only the portion of the
insulating substrate 1 lying between the neighboring
projection members 5a to be the exposed surface not
covered by the third mask 30. The reason why the con-
tact hole is stopped up with the third mask 30 is that, if
the metal layer is exposed from the contact hole, HF
used for etching the insulating substrate (glass) might
be permeated to the metal layer to etch the glass under-
lying the metal layer.
[0196] Referring to Figs.65, 70e, 72e, 74e, 76e and
78e, a rough surface 1a is formed in a preset area of the
insulating substrate 1 by wet etching, employing HF (hy-
drofluoric acid), sandblasting, or dry etching, employing
CF4 or O2. The resulting product is washed and the third
mask is removed.
[0197] Referring to Figs.66, 70f, 72f, 74f, 76f and 78f,
underlying metal layers 4a, 8a, 9a, 10a and 22a (re-
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ferred to below as 'Cr') are formed on the entire sub-
strate surface including the gate insulating film 5, pro-
jection members 5a and the island 7, and overlying met-
al layers 4b, 8b, 9b, 10b and 22b of, for example, Al/Nd
(referred to below as 'Al/Nd'), are sequentially stacked
in this order to form a source/drain electrode layer, not
shown.
[0198] Referring to Figs.66, 70f, 72f, 74f, 76f and 78f,
a fourth mask, not shown, is formed, by the photolithog-
raphy technique, on the source/drain electrode layer.
Then, unneeded portions of the source/drain electrode
layer and the n+ type a-Si layer 7b are removed by for
example dry etching or wet etching. This forms the re-
flector 4, source electrode 8, drain electrode 9, and drain
bus line 10, source/drain electrodes 20a, 20b for the
common device unit and the common bus line 22 for the
gate. At this stage, the fourth mask has not been re-
moved.
[0199] In the case of the reflection type apparatus, no
aperture is provided in the reflector 4, whereas, in the
semi-transmission type apparatus, there is formed an
aperture 4c in the reflector 4. The reflector 4 is connect-
ed to the source electrode 8, which source electrode 8
is connected to the shorting prohibiting wiring 25
through the contact hole 27. The source/drain elec-
trodes 20a and 20b for the common device unit are con-
nected through the contact hole 20c to the gate bus line
2, gate electrode 20e of the common device unit or to
the common bus line 22 for the gate. The common bus
line 22 for the gate is connected through the contact hole
21c to the common bus line 21 for the drain.
[0200] The n+ type a-Si layer 7b then is etched, using
the source electrode 8a, drain electrode 9a and the
fourth mask, as etching masks. The fourth etching mask
then is removed. This forms an ohmic contact layer.
[0201] Referring to Figs.67, 70g, 72g, 74g, 76g and
78g, a passivation film 12 is formed, by the plasma CVD
method, on the entire surface of the gate insulating film
5, including the reflector 4, source electrode 8, drain
electrode 9, drain bus line 10, source/drain electrodes
20a and 20b for the common device unit and the com-
mon bus line 22 for the gate.
[0202] Referring to Figs.67, 70g, 72g, 74g, 76g and
78g, a fifth mask, not shown, is formed on the passiva-
tion film 12, by the photolithography technique. Then,
excess portions of the passivation film 12 or the gate
insulating film 5, lying in an area which later becomes
the contact hole, are removed by e.g., dry etching, until
the Cr layers 17a, 18a, 19a and 25 are partially exposed.
The fifth mask then is removed. This forms contact holes
17c, 18c, 19b and 28.
[0203] It is noted that the contact hole 17c partially
exposes part of the Cr layer 17a of the gate terminal
unit. The contact hole 18c partially exposes part of the
Cr layer 18a of the drain terminal unit. The contact hole
19b partially exposes part of the Cr layer 19a of the com-
mon terminal unit, while the contact hole 28 exposes
part of the shorting prohibiting wiring 25.

[0204] Referring to Figs.68, 70h, 72h, 74h, 76h and
78h, the transparent electrode layers 14, 17d, 18d, 19c,
20g and 23 of, for example, ITO, are deposited by for
example sputtering on the entire substrate surface
which includes the passivation film 12.
[0205] Finally, referring to Figs.68, 70h, 72h, 74h, 76h
and 78h, a sixth mask is formed, by the photolithography
technique, on the transparent electrode layers 14, 17d,
18d and 19c. Then, unneeded portions of the transpar-
ent electrode layers are removed by for example wet
etching. The sixth mask then is removed. This forms a
transparent electrode 14 which later becomes pixel
electrodes, a terminal 17d of the gate terminal unit, a
terminal 18d of the drain terminal unit, and a terminal
19c of the common terminal unit.
[0206] It is noted that the transparent electrode 14
electrically connects to the shorting prohibiting wiring 25
through the contact hole 28. The terminal 17d of the gate
terminal unit, the terminal 18d of the drain terminal unit
and the terminal 19c of the common terminal unit con-
nect to the Cr layers 17a, 18a and 19a of the respective
units through contact holes 17c, 18c and 19b of the re-
spective units.
[0207] The above process renders it possible to pro-
duce an active matrix substrate having a structure
shown in Fig.68. With the manufacturing method for the
active matrix substrate according to the fifth embodi-
ment, a reflection or semi-transmission type active ma-
trix substrate, with an optimum display function, having
a reflector presenting a rough surface, may be pro-
duced, using only six masks, thus achieving a process
simplified by at least one PR(photolithography ) process
as compared to the conventional manufacturing meth-
od.
[0208] The production process for the active matrix
substrate in the liquid crystal display apparatus accord-
ing to the sixth embodiment is now explained by refer-
ring to the drawings.
[0209] Referring to Fig.79a, a gate electrode layer, not
shown, which later becomes layers 2a, 3a and 26 of
metal, such as Cr, is formed on the entire surface of the
insulating substrate 1 having a planar surface.
[0210] Referring to Fig.79a, a first mask 24 is formed
on the gate electrode layer by the photolithography tech-
nique. Then, unneeded portions of the gate electrode
layer are removed by for example dry etching or wet
etching. This forms the gate bus line 2a, gate electrode
3a and the projection member 26. At this stage, the first
mask 24 has not been removed.
[0211] Referring to Fig.79b, exposed portions of the
sidewalls of the gate bus line 2a, gate electrode 3a and
the projection member 26 and the near-by surface por-
tions of the insulating substrate 1 are covered by the first
mask 24 by reflow processing which is carried out to
such an extent that only the first mask 24 is melted.
[0212] If now the spacing between neighboring pro-
jection members 26 is set to tens of µm, it is possible
for the first masks 24 not to be continuous between
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neighboring projection members 26.
[0213] Then, referring to Fig.79c, a rough surface 1a
is formed in a preset area of the insulating substrate 1
by e.g., dry etching, such as wet etching, employing HF
(hydrofluoric acid), sandblasting, or dry etching, em-
ploying CF4 or O2. The resulting product is washed and
the first mask is removed.
[0214] Then, referring to Fig.79d, the gate insulating
film 5 of for example SiNx, a-Si layer 7a which later be-
comes the semiconductor layer, and the n+ type a-Si lay-
er 7b which later becomes the contact electrode, are se-
quentially formed on the entire surface of the substrate
including the gate bus line 2a and the gate electrode 3a.
[0215] Then, referring to Fig.79d, a second mask, not
shown, is formed on the n+ type a-Si layer 7b by the
photolithography technique. Then, unneeded portions
of the a-Si layer 7a and the n+ type a-Si layer 7b are
removed such as by dry etching and subsequently the
second mask is removed. This forms islands 7a and 7b.
[0216] Referring to Fig.80e, a third mask, not shown,
is formed on the gate insulating film 5 and on the n+ type
a-Si layer 7b, by the photolithography technique. Then,
unneeded portions of the gate insulating film 5 are re-
moved by for example dry etching, and subsequently
the third mask is removed. This exposes the rough sur-
face 1a of the insulating substrate 1 and the projection
member 26.
[0217] Then, referring to Fig.80f, underlying metal lay-
ers 4a, 8a, 9a and 10a of for example Cr (referred to
below as 'Cr'), and overlying metal layers 4b, 8b, 9b and
10b of for example Al/Nd (referred to below as 'Al/Nd'),
are stacked in this order on the entire substrate surface
to form a source/drain electrode layer. This source/drain
electrode layer is provided on the rough surface 1a of
the insulating substrate 1.
[0218] Referring now to Fig.80f, a fourth mask, not
shown, is formed by the photolithography technique on
a source/drain electrode layer. Then, unneeded portions
of the source/drain electrode layer are removed by for
example dry etching or wet etching. This forms the re-
flectors 4a and 4b, source electrodes 8a and 8b, drain
electrodes 9a and 9b, and drain bus lines 10a and 10b.
The reflectors 4a and 4b are formed on the same layer
of the source electrodes 8a and 8b and are arranged in
continuation to the source electrodes 8a and 8b.
[0219] Then, using the metal layers, such as source
electrode 8 or the drain electrode 9, as etching masks,
the n+ type a-Si layer 7b is etched, and subsequently
the fourth mask is removed to form an ohmic contact
layer.
[0220] Then, referring to Fig.80g, the passivation film
12 is deposited on the entire surface of the gate insulat-
ing film 5, including the reflector 4, a-Si layer 7a, source
electrode 8, drain electrode 9 and the drain bus line 10
by e.g., the plasma CVD method.
[0221] Referring to Fig.80g, a fifth mask, not shown,
is formed on the passivation film 12 by the photolithog-
raphy technique liquid. Then, unneeded portions of the

passivation film 12 and the gate insulating film 5, lying
in an area which later becomes the contact hole, are
removed by for example dry etching, until the Cr layer
3a is partially exposed. The fifth mask then is removed
to form the contact hole 6. This contact hole partially
exposes the Cr layer 4a of the reflector.
[0222] Then, referring to Fig.80h, the transparent
electrode layer 14 of for example ITO is deposited, such
as by sputtering, on the entire surface of the substrate,
including the passivation film 12.
[0223] Referring to Fig.80h, a sixth mask, not shown,
is finally formed, such as by a photolithography tech-
nique, on the transparent electrode layer 14, and excess
portions of the transparent electrode layers are then re-
moved, such as by wet etching. The sixth electrode then
is removed. This forms the transparent electrode 14,
which later becomes the pixel electrodes. The transpar-
ent electrode 14 is electrically connected through the
contact hole 6 to the reflector 4.
[0224] The above process enables the active matrix
substrate shown in Fig.80h to be produced. Thus, with
the method for the preparation of the active matrix sub-
strate according to the seventh embodiment, a reflection
or semi-transmission type active matrix substrate, with
an optimum display function, having a reflector present-
ing a rough surface, may be produced, using only six
masks, thus achieving a process simplified by at least
one PR step as compared to the conventional manufac-
turing method.
[0225] The meritorious effects of the present inven-
tion are summarized as follows.
[0226] The present invention make it possible to pro-
duce an active matrix substrate having a reflector exhib-
iting optimum reflection performance, using only five or
six masks, thus reducing the cost of the active matrix
substrate.
[0227] This is made possible by reduction in the
number of process steps, in turn made possible by ef-
fective utilization of the masks used in etching the gate
electrode layer, gate insulating film, a-Si layer or the
source/drain electrode layer by for example reflow
processing to form plural recesses in the insulating sub-
strate, and by forming excess portions of the metal lay-
ers, insulating layers or semiconductor layers as protru-
sions in the insulating substrate, in addition to the re-
cesses. In this manner, a rough surface having pro-
nounced inundations is produced by the recesses and
protrusions to form a reflector exhibiting optimum reflec-
tion characteristics, in which the maximum height of the
surface roughness is on the order of 1 to 3 µm. Moreo-
ver, with the PR used for forming the TFT can be formed
not only the recesses and protrusions but also the com-
mon terminal unit and the common device unit.
[0228] It should be noted that other objects, features
and aspects of the present invention will become appar-
ent in the entire disclosure and that modifications may
be done without departing the gist and scope of the
present invention as disclosed herein and claimed as
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appended herewith.
[0229] Also it should be noted that any combination
of the disclosed and/or claimed elements, matters and/
or items might fall under the modifications aforemen-
tioned.

Claims

1. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on an insulating substrate,
a second substrate having a transparent electrode
and mounted facing said first substrate, and a liquid
crystal layer placed between said first substrate and
said second substrate; said method comprising:

a first step of forming an etching mask, pat-
terned to a predetermined shape, on at least
one of a metal layer, an insulating layer and a
semiconductor layer, formed on said insulating
substrate;
a second step of etching at least one of said
metal layer, insulating layer and the semicon-
ductor layer, using said etching mask, to ex-
pose portions of said insulating substrate and
to form on said insulating substrate at least a
constituent portion of said thin film transistor
and a plurality of protrusions separated from
said constituent portion;
a third step of causing only said etching mask
to reflow to cover exposed part of said constit-
uent portion of said thin film transistor and near-
by surface portions of said insulating substrate
with said etching mask and to cover exposed
surfaces of said protrusions and near-by sur-
face portions of said insulating substrate under
exposing surface portions of said insulating
substrate located between neighboring protru-
sions;
a fourth step of etching said insulating sub-
strate, following said third step, using said etch-
ing mask to form one or more recesses in ex-
posed areas of said insulating substrate; and
a fifth step of selectively forming a reflector hav-
ing a rough surface on a rough surface formed
at least by said protrusions and recesses.

2. The method as defined in claim 1 in which a metal
layer and an insulation layer are formed in this order
on said insulating substrate, said method compris-
ing:

etching said insulating layer in said second
step, using said etching mask, to expose por-
tions of said metal layer; and
said contact hole being stopped up with said
etching mask by reflow of said etching mask in

said third step.

3. The method as defined in claim 1 or 2 further com-
prising:

a sixth step following said fourth step and pre-
vious to said fifth step, said sixth step forming
another insulating layer having a rough surface
on the rough surface at least formed by said
protrusions and recesses.

4. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on an insulating substrate,
a second substrate having a transparent electrode
and mounted facing said first substrate, and a liquid
crystal layer placed between said first substrate and
said second substrate; said method comprising:

a first step of etching a metal layer, using a first
etching mask, following the formation of said
metal layer on said insulating substrate, to ex-
pose a portion of said insulating substrate and
to form a gate electrode;
a second step of forming an insulating layer on
said insulating substrate including said gate
electrode and subsequently etching said insu-
lating layer, using a second etching mask, to
expose portions of said insulating substrate
and to form a gate insulating film and a plurality
of protrusions separated from said gate insulat-
ing film;
a third step of causing only said etching mask
to reflow to cover exposed portions of said gate
insulating film and near-by surface portions of
said insulating substrate with said etching mask
and to cover exposed surfaces of said protru-
sions and near-by surface portions of said in-
sulating substrate, with exposing the surface
portions of said insulating substrate between
neighboring protrusions;
a fourth step of etching said insulating sub-
strate, following said third step, using said etch-
ing mask, to form one or more recesses in ex-
posed areas of said insulating substrate; and
a fifth step of selectively forming a reflector hav-
ing a rough surface on a rough surface formed
at least by said protrusions and recesses.

5. The method as defined in claim 4 further comprising
a sixth step of forming a semiconductor layer

on said insulating layer following formation of said
insulating layer and prior to using said second etch-
ing mask in said second step, and of subsequently
etching said semiconductor layer, using a third etch-
ing mask, to form an island above said gate elec-
trode.
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6. The method as defined in claim 4 or 5 wherein the
reflector formed in said second step is directly ar-
ranged on said rough surface formed by said pro-
trusions and recesses.

7. The method as defined in claim 5 wherein said re-
flector is of a laminated structure comprised of a
lower Cr layer and an upper Al/Nd layer:

the source electrode and the drain electrode of
said laminated structure are selectively formed
when said reflector is formed in said fifth step;
a contact hole for partially exposing said Cr lay-
er of said source electrode is formed in another
insulation layer formed on said insulating layer
comprised of said reflector, source electrode
and the drain electrode, and in said Al/Nd layer,
after forming said other insulating layer; and
wherein
a transparent electrode layer electrically con-
necting to said source electrode through said
contact hole is selectively formed on said other
insulating layer.

8. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on an insulating substrate,
a second substrate having a transparent electrode
and mounted facing said first substrate, and a liquid
crystal layer placed between said first substrate and
said second substrate; said method comprising:

a first step of forming a first metal layer on said
insulating substrate and subsequently etching
said first metal layer, using a first etching mask,
to expose a portion of said insulating substrate
and to form a gate electrode;
a second step of forming a first insulating layer
and a semiconductor layer in this order on said
insulating substrate including said gate elec-
trode and of subsequently etching said semi-
conductor layer using a second etching mask
to form an island above said gate electrode;
a third step of forming a second metal layer on
said first insulating layer including said island
and of subsequently etching said second metal
layer using a third etching mask to form said
source electrode and the drain electrode;
a fourth step of forming a second insulating lay-
er on said first insulating layer including said
source electrode and the drain electrode and of
subsequently etching said second insulating
layer and the first insulating layer, using a fourth
etching mask, to expose a portion of said insu-
lating substrate and to form a plurality of pro-
trusions;
a fifth step of causing only said fourth etching
mask to reflow following said fourth step to cov-

er exposed surface portions of said first and
second insulating layers and near-by surface
portions of said insulating substrate with said
fourth etching mask and to cover exposed sur-
face portions of said protrusions and near-by
surface portions of said insulating substrate
with said fourth etching mask while exposing
surface portions of said insulating substrate lo-
cated between neighboring protrusions;
a sixth step of etching said insulating substrate,
using said fourth etching mask, following said
fifth step, to selectively form one or more re-
cesses in an exposed area of said insulating
substrate; and
a seventh step of selectively forming a reflector,
having a rough surface on a rough surface
formed at least by said protrusions and recess-
es.

9. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on a predominantly planar
insulating substrate, a second substrate having a
transparent electrode and mounted facing said first
substrate, and a liquid crystal layer placed between
said first substrate and said second substrate; said
method comprising:

a first step of etching said planar insulating sub-
strate, using a first etching mask, to selectively
form a rough surface in a preset area of said
insulating substrate; and
a second step of etching said metal layer, using
a second etching mask, for selectively forming
a gate electrode on a planar area of said insu-
lating substrate, and for selectively forming a
reflector having a rough surface overlying a
rough surface of said insulating substrate on
said rough surface and in isolation from said
gate electrode.

10. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on an insulating substrate,
a second substrate having a transparent electrode
and mounted facing said first substrate, and a liquid
crystal layer placed between said first substrate and
said second substrate; said method comprising:

a first step of forming a first metal layer on said
insulating substrate and subsequently etching
said first metal layer using a first etching mask,
to expose a portion of said insulating substrate,
and to form a gate electrode, a plurality of pro-
trusions being separated therefrom, and a wir-
ing isolated from said gate electrode and said
protrusions;
a second step of causing only said first etching
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mask to reflow to cover exposed surfaces of
said gate electrode and said wiring and near-
by surface portions of said insulating substrate
with said first etching mask and to cover ex-
posed surfaces of said protrusions and near-by
surface portions of said insulating substrate
with said first etching mask;
a third step of etching said insulating substrate,
using said first etching mask, after said second
step, to form one or more recesses in the ex-
posed area of said insulating substrate;
a fourth step of etching said semiconductor lay-
er, using a second etching mask, after forming
a first insulating film and a semiconductor layer
on said insulating substrate, including said gate
electrode, said protrusions and said wiring, to
form an island above said gate electrode;
a fifth step of etching said first insulating layer,
using a third etching mask, to expose a portion
of said wiring to form a first contact hole:

a sixth step of etching a second metal layer,
using a fourth etching mask, after forming
said second metal layer on said first insu-
lating layer, including said island, to form a
source electrode, a drain electrode and a
reflector, to electrically connect said source
electrode through said first contact hole
with said wiring;
a seventh step of forming, after forming a
second insulating layer on said first insu-
lating layer including said source elec-
trode, drain electrode and the reflector, a
second contact hole in said second insu-
lating layer and in said first insulating layer,
using a fifth etching mask, for exposing a
portion of said wiring; and
an eighth step of selectively forming a
transparent electrode layer on said second
insulating layer for electrically connecting
to said wiring through said second contact
hole.

11. A method for producing a liquid crystal display ap-
paratus having a first substrate including a thin film
transistor and a reflector on an insulating substrate,
a second substrate having a transparent electrode
and mounted facing said first substrate, and a liquid
crystal layer placed between said first substrate and
said second substrate; said method comprising:

a first step of forming a first metal layer on said
insulating substrate and subsequently etching
said first metal layer, using a first etching mask,
to expose a portion of said insulating substrate,
and to form a gate electrode and a wiring sep-
arated from said gate electrode;
a second step of forming a first insulating layer

and a semiconductor layer in this order on said
insulating substrate including said gate elec-
trode and said wiring, and subsequently etch-
ing said semiconductor layer, using a second
etching mask, to form an island above said gate
electrode;
a third step of etching said first insulating layer,
using a third etching mask, to form a first con-
tact hole which exposes a portion of said wiring,
of exposing a portion of said insulating sub-
strate and of forming a plurality of protrusions;
a fourth step of causing only said third etching
mask to reflow to cover the exposed surface
portions of said first insulating layer and near-
by surface portions of said insulating substrate
with said third etching mask, to stop up said first
contact hole with said third etching mask and
to cover the exposed surface portions of said
protrusions and near-by surface portions of
said insulating substrate with said third etching
mask, while exposing a part of the surface of
said insulating substrate between neighboring
protrusions and near-by surface portions of
said insulating substrate;
a fifth step of etching said insulating substrate,
after said fourth step, using said third etching
mask, to form one or more recesses in an ex-
posed area of said insulating substrate;
a sixth step of forming a second metal layer on
said first insulating layer including said island,
on said protrusions and on said recesses, and
subsequently etching said second metal layer,
using a fourth etching mask, to form a source
electrode, a drain electrode and a reflector, to
connect said source electrode electrically to
said wiring through said first contact hole;
a seventh step of forming a second insulating
layer on said first insulating layer including said
source electrode, drain electrode and the re-
flector, and subsequently forming a second
contact hole, which exposes a portion of said
wiring to said second insulating layer and the
first insulating layer, using a fifth etching mask;
and
an eighth step of selectively forming a transpar-
ent electrode layer on said second insulating
layer for electrically connecting to said wiring
through said second contact hole.

12. The method as defined in any one of claims 1 to 11
wherein said etching mask is a photoresist.

13. The method as defined in any one of claims 1 to 11
wherein there is arranged an aperture at a preset
area on the rough surface of said reflector.
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掩模作为绝缘基板是部分的裸露。使用蚀刻掩模，在绝缘基板的暴露区
域中形成凹槽。反射器（4a，4b）形成在突起和凹槽上。
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