a9 United States

200

US 20020075423A1

a2 Patent Application Publication (o) Pub. No.: US 2002/0075423 Al

Fujino (43) Pub. Date: Jun. 20, 2002
(54) REFLECTIVE LIQUID CRYSTAL DISPLAY (2 T 1S R 61 349/43
DEVICE
57 ABSTRACT
(76) Tnventor: Masahiro Fujino, Kanagawa (JP) 67)
C d Add The present invention provides a method of manufacturing
OITESPONCence [C55: an active matrix reflecting liquid crystal display device
[S)(())Nl]\il(z)l;l(s(%}ll(l)g(l)\l NATH & ROSENTHAL including the step of forming and processing an interlayer
Vi’ A.CKER DRIVE STATIO insulating film. The step forming and processing an inter-
CHICAGO. IL 60606-1080 I\IIJS layer insulating film includes step A of forming the inter-
’ ) Us) layer insulating film on a silicon film in which the sources
. and drains of TFTs are formed; step B of forming a photo-
(1) Appl. No: 09/951,162 resist layer on the interlayer insulating film; step C of
(22) Filed: Sep. 12, 2001 patterning the photoresist layer in a specified pattern by
’ e using, as a photoresist mask for the photoresist layer, a mask
(30) Foreign Application Priority Data having a pattern formed With a resolution limit or less
corresponding to the reflecting electrode to be formed; and
Sep. 14, 2000  (JP) P2000-281012 step D of etching the interlayer insulating film by using the
Nov. 28, 2000  (JP) P2000-361080 photoresist layer patterned in step C as an etching mask.

Publication Classification

(51) Int.C17

12

GO2F 1/136

10

N\

\
DAY

N
NRIPFIRIRS
ALY

<

AN DA NN

"‘.‘.“"‘“"‘““““““"‘“‘5
-
)

After step D, a metal film is deposited for simultaneously
forming source electrodes, signal wiring, drain electrodes,
and the reflecting electrode. The manufacturing method can
thus be simplified to improve productivity.
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REFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a technique for
simultaneously forming irregularity in a surface of a reflect-
ing electrode and contact holes in an interlayer insulating
film formed on a silicon film, in which sources and drains of
TFTs are formed, above the sources or drains in a process for
manufacturing a reflective liquid crystal display device, to
shorten the manufacturing process.

[0003] 2. Description of the Related Art

[0004] In a conventional active matrix reflective liquid
crystal display device in which each of pixel electrodes
comprises a reflecting electrode serving as a reflecting
scattering plate by surface irregularity, a driving-side TFT
substrate is manufactured as shown in FIG. 13. FIG. 13
shows a manufacturing process for a liquid crystal device
having a pixel structure comprising bottom gate structure
TFTs. However, a pixel structure comprising top gate struc-
ture TFTs can also be manufactured by basically the same
process.

[0005] First, as shown in FIG. 13A, a metal film is
deposited on a transparent substrate 1, and then dry-etched
by photolithography to form gates G and auxiliary capaci-
tance electrodes Cs. Then, a gate insulating film 2 is depos-
ited, and a polysilicon film 3 is further formed thereon.

[0006] Next, in order to prevent impurity injection into
channel regions during impurity doping of source and drain
regions, stoppers 4 are respectively formed on portions of
the polysilicon film 3 corresponding to the channel regions
in self-alignment with the gates G, followed by impurity
doping of the source and drain regions.

[0007] Then, the polysilicon film 3 is separated into
islands by photoresist step and etching step to form low-
temperature polysilicon thin film transistors (TFTs).

[0008] Next, an interlayer insulating film 5 is formed
(FIG. 13B). In order to form contact holes in the interlayer
insulating film 5, a photoresist layer 6 is first formed on the
interlayer insulating film 5, and then patterned by photoli-
thography using a patterned mask as a photomask in which
apertures are formed in portions corresponding to the con-
tact holes (FIG. 13C). Then, the interlayer insulating film 5
is etched by using the patterned photoresist layer 6 as an
etching mask to form contact holes H; in the interlayer
insulating film 5 (FIG. 13D).

[0009] Next, a metal film is deposited by sputtering or the
like, and then etched to form source electrodes S, connected
to sources S of the TFTs through the contact holes H;, signal
wiring, and drain electrodes D, connected to drains D of the
TFTs through the contact holes H; (FIG. 13E).

[0010] Next, an irregular shape as a base for forming
surface irregularity in a reflecting electrode having a reflect-
ing scattering ability is formed by using two layers each
comprising a photoresist material as follows. First, a first
layer 7 for forming the basic structure of the irregular shape
is formed by photolithography using a photoresist material
(FIG. 13F). The photomask used in this step has second

1. Field of the Invention
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contact holes H, communicating with the source electrodes
S, or the drain electrodes D;. Next, a second layer 8 for
improving the reflecting property is formed by photolithog-
raphy using the same photoresist material as the first layer 7
(FIG. 13G). The photomask used in this step has third
contact holes H; communicating with the drain electrodes
D;. In this way, the surface irregular shape having a two-
layer structure comprising the first and second layers 7 and
§ is formed.

[0011] Next, a metal film of Al, Ag, or the like, which has
high reflectance, is deposited, and then subjected to photo-
lithography to form a reflecting electrode 10 (FIG. 13H).

[0012] In this way, the driving-side TFT substrate is
completed. An alignment film is coated on each of the TFT
substrate and a counter substrate on which a color filter and
a counter transparent electrode are formed, and then sub-
jected to alignment. Then, both substrates are bonded
together with a sealing material by using a gap material for
keeping an appropriate gap between both substrates, and a
liquid crystal is injected into the gap, followed by sealing to
obtain a liquid crystal display panel.

[0013] The method of manufacturing a driving-side TFT
substrate of a conventional active matrix reflective liquid
crystal display device shown in FIG. 13 requires the steps
of respectively forming the first and second layers 7 and 8
each comprising a photoresist material and then patterning
the layers by photolithography to provide the reflecting
electrode 10 with the predetermined irregular surface shape.
Therefore, a total of three insulating layers including the
interlayer insulating film 5 is finally formed between the
silicon film, 1n which the sources S and drains D of TFTs are
formed, and the reflecting electrode 10. Also, the method
comprises the separate steps of forming the source elec-
trodes S; and the drain electrodes D;, and forming the
reflecting electrode 10, to cause the problem of increasing
the number of the steps, thereby increasing the manufactur-
ing cost.

SUMMARY OF THE INVENTION

[0014] Accordingly, it is an object of the present invention
to simplify the process for manufacturing an active matrix
reflective liquid crystal display device to improve produc-
tivity.

[0015] The inventors found a process for manufacturing a
reflective liquid crystal display device in which a photoresist
layer was provided on an interlayer insulating film formed
on a silicon film in which sources and drains of TFTs were
formed, and then patterned by photolithography using a
specified photomask to simultaneously form apertures cor-
responding to contact holes to be formed above the sources
or the drains, and an irregular shape in the photoresist layer
corresponding to the surface irregularity of a reflecting
electrode, and then the interlayer insulating film is etched by
using the photoresist layer as an etching mask to simulta-
neously the contact holes and the irregular surface shape in
the interlayer insulating film corresponding to the reflecting
electrode. This could significantly shorten the process for
manufacturing a liquid crystal display device.

[0016] Namely, the present invention provides a method
of manufacturing an active matrix reflective liquid crystal
display device comprising an interlayer insulating film
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formed on a silicon film in which sources and drains of TFTs
are formed, and a reflecting electrode having an irregular
surface and formed on the interlayer insulating film, the
method comprising the step of forming and processing the
interlayer insulating film. The step of forming and process-
ing the interlayer insulating film comprises step A of form-
ing the interlayer insulating film on the silicon film in which
the sources and drains of TFTs are formed, step B of forming
a photoresist layer on the interlayer insulating film, step C of
patterning the photoresist layer by photolithography, and
step D of etching the interlayer insulating film by using the
photoresist layer patterned in step C as an etching mask.
Step C uses, as a photoresist mask for the photoresist layer,
a mask having a pattern formed with a resolution limit or
less in a portion corresponding to the reflecting electrode to
be formed, so that portions of the photoresist layer corre-
sponding to the contact holes to be formed in the interlayer
insulating film above the sources or drains can be com-
pletely removed, and surface irregularity can be formed in a
portion of the photoresist layer corresponding to the reflect-
ing electrode to be formed. In step D, portions of the
interlayer insulating film corresponding to the contact holes
are completely opened, and surface irregularity is formed in
a portion of the interlayer insulating film corresponding to
the reflecting electrode to be formed.

[0017] The manufacturing method further comprises, after
step D, step E of depositing a metal film for simultaneously
forming source electrodes communicating with the sources
through the contact holes, signal wiring, drain electrodes
communicating with the drains through the contact holes,
and the reflecting electrode, step F of depositing a protecting
film and patterning the protecting film to open portions of
the protecting film corresponding to contact holes to be
formed above the drain electrodes, and step G of forming a
transparent conductive film on the protecting film so that the
transparent conductive film is connected to the reflecting
electrode through the contact holes. In step F of forming the
protecting film comprising photoresist and patterning the
protecting film, a mask having a pattern formed with a
resolution limit or less in a portion corresponding to the
reflecting electrode to be formed is used as a photoresist
mask for the protecting film so that portions of the protecting
film corresponding to the contact holes to be formed above
the drains can be completely removed, and surface irregu-
larity can be formed in the portion of the protecting film
corresponding to the reflecting electrode to be formed.

[0018] The manufacturing method may further comprise,
after step D, step E of depositing a metal film for simulta-
neously forming source electrodes communicating with the
sources through the contact holes, signal wiring, drain
electrodes communicating with the drains through the con-
tact holes, and the reflecting electrode, and step G, of
forming a transparent conductive film on the reflecting
electrode so that the transparent conductive film is con-
nected to the reflecting electrode.

[0019] The manufacturing method may further comprise,
after step D, step E_ of depositing a transparent conductive
film for simultaneously forming pattern portions corre-
sponding to source electrodes communicating with the
sources through the contact holes, signal wiring, drain
electrodes communicating with the drains through the con-
tact holes, and the reflecting electrode, and step G, of
forming a transparent conductive film on the reflecting
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electrode so that the transparent conductive film is con-
nected to the reflecting electrode.

[0020] The present invention also provides an active
matrix reflective liquid crystal display device comprising an
insulating layer formed on a silicon film in which sources
and drains of TFTs are formed, and a reflecting electrode
having an irregular surface and formed on the insulating
layer, wherein the insulating layer comprises a single insu-
lating film.

[0021] The liquid crystal display device further comprises
a transparent conductive film formed on the reflecting elec-
trode so that the transparent conductive film is connected to
the reflecting electrode, and a protecting film provided
between the reflecting electrode and the transparent conduc-
tive film so that the cell gap of a liquid crystal display cell
is set to 1/4%, wherein surface irregularity is formed in the
transparent conductive film formed on the reflecting elec-
trode.

[0022] 1In the liquid crystal display device of the present
invention, the reflecting electrode may be deposited on the
insulating layer through the transparent conductive film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a drawing illustrating the steps of a
method of manufacturing a liquid crystal display device
according an embodiment of the present invention;

[0024] FIG. 2 is a sectional view of a TFT substrate
obtained by a manufacturing method of the present inven-
tion;

[0025] FIG. 3 is a drawing illustrating the steps of a

method of manufacturing a liquid crystal display device of
the present invention;

[0026] FIG. 4 is a sectional view of a TFT substrate
obtained by a manufacturing method according to another
embodiment of the present invention;

[0027] FIG. 5 is a sectional view of a TFT substrate
obtained by a manufacturing method according to a further
embodiment of the present invention;

[0028] FIG. 6 is a plan view of a photomask having a L/S
pattern;
[0029] FIG.7 is a graph showing the relation between L/S

of a photomask, the exposure time and the thickness dec-
rement of a photoresist layer in the photolithography step for
a photoresist layer;

[0030] FIG. 8 is a plan view of a photomask having a dot
pattern;
[0031] FIG. 9 is a plan view of a photomask used for a

photoresist layer;

[0032] FIG. 10A is a plan view of the pattern of a
photomask for forming surface irregularity in a photoresist
layer, and

[0033] FIG. 10B is a side view of the surface irregularity
of the photoresist layer formed by using the mask;

[0034] FIG. 12 is a graph showing the relation between
the step of surface irregularity of a reflecting electrode and
reflectance; and
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[0035] FIG. 13 is a drawing illustrating a conventional
process for manufacturing an active matrix reflective liquid
crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] The present invention will be described in detail
below with reference to the drawings. In the drawings, the
same reference numerals respectively denote the same or
equivalent components.

[0037] FIG. 1 is a drawing illustrating the steps of a
method of manufacturing a liquid crystal display device
having a pixel structure comprising bottom gate structure
TFTs according to an embodiment of the present invention.

[0038] In this method, as shown in FIG. 1A, a metal film
of Mo, Cr, Al, Ta, W, or the like is first deposited on a
transparent substrate 1, and then dry-etched by photolithog-
raphy to form gates G and auxiliary capacitance electrodes
Cs, and a silicon nitride film or silicon oxide film, or a
laminate thereof is formed as a gate insulating film 2 by
sputtering or CVD. Furthermore, a polysilicon film 3 is
formed on the gate insulating film 2. The polysilicon film
forming method comprises forming a semiconductor layer
on the gate insulating film 2, dehydrogenating the semicon-
ductor layer by high-temperature treatment in order to
decrease the hydrogen concentration of the semiconductor
layer, and then crystallizing the semiconductor layer with an
excimer laser to convert the semiconductor layer to the
polysilicon film. With a hydrogen concentration of 1 atomic
% or less, the dehydrogenating step may be omitted. In order
to stabilize film quality, the gate insulating film and the
semiconductor layer are preferably continuously deposited.

[0039] Next, in order to prevent impurity injection into
channel regions during impurity doping of source regions
and drain regions, stoppers 4 are respectively formed on the
portions of the polysilicon film 3, in which the channel
regions are formed, in self-alignment with the gates G. The
stoppers 4 are formed by depositing a stopper film compris-
ing silicon oxide on the gate insulating film 2, coating a
resist on the stopper film, exposing the resist layer from the
back side using the gates G as a mask to pattern the resist
corresponding to the channel regions in self-alignment with
the gates G, and then etching the stopper film by using the
resist as a mask to leave the stopper film in the portions
corresponding to the channel regions.

[0040] Then, the source regions and drain regions are
doped with impurities by an ion implantation or ion doping
method to form sources S and drains D. The polysilicon film
is divided into islands by using a photoresist step and an
etching step to form TFTs. The above-described method of
forming TFTs is a method of forming low-temperature
polysilicon thin film transistors, and the manufacturing
method of the present invention can also be applied to the
formation of amorphous silicon thin film transistors.

[0041] The next step of forming and processing an inter-
layer insulating film comprises the following steps A to D.

[0042] Step A: The interlayer insulating film 5 comprising
an inorganic insulating material such as a silicon nitride film
a silicon oxide film, a laminate of these films, or the like is
formed by the CVD or sputtering process (FIG. 1B).
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[0043] Step B: A photoresist layer 6 is formed on the
interlayer insulating film 3.

[0044] Step C: The photoresist layer 6 is patterned by
photolithography (FIG. 1C). In this step, a mask having a
pattern formed with a stepper resolution limit or less corre-
sponding to the reflecting electrode to be formed is used as
a photomask for the photoresist layer 6 so that portions of
the photoresist layer 6 corresponding to the contact holes H;
to be formed in the interlayer insulating film § above the
sources S or the drains D are completely removed, and
surface irregularity is formed in a portion of the photoresist
layer 6 corresponding to the reflecting electrode to be
formed.

[0045] The shape of the photomask can be determined by
experimentally determining the relation between the pattern
of the photomask, the thickness decrement of the photoresist
layer and the exposure time. For example, when the line/
space (referred to as “L/S” hereinafter) pattern shown in
FIG. 6 is exposed through the stepper, the relation between
the thickness decrement of the photoresist layer and the
exposure time changes according to L/S, as shown in FIG.
7. In FIG. 7, “Window” represents a case in which S is
higher than the resolution of an exposure device, and the
numerical values on the right side of symbols x, etc. denote
L (um)/S (um). FIG. 7 indicates that with an exposure of
1200 msec with which portions of the photoresist layer
corresponding to the contact holes to be formed are com-
pletely opened, the thickness decrement of the photoresist
layer can be set to 0.6 um when L=0.25 gm and S=0.50 gm.

[0046] In experimentally determining the thickness dec-
rement of the photoresist layer, the dot patter shown in FIG.
8 may be used in place of the L/S pattern shown in FIG. 6.

[0047] Besides these methods, the more definite shape of
the photomask can be calculated from the constants of an
optical system, and thus the thickness of the photoresist
layer can be controlled by the effective transmittance of the
photomask.

[0048] As the actual pattern of the photomask, a pattern
which can be resolved by the stepper is provided stepwise or
continuously. For example, in forming a portion 21 where
the photoresist layer is completely opened by exposure, and
a portion where surface irregularity is formed in the photo-
resist layer, each of the pattern portions 22 shown in FIG.
22 where surface irregularity is formed can be formed in a
cyclic pattern comprising a plurality of fine concentric
circles which cannot be resolved by the stepper. By exposure
and development using such a photomask for the photoresist
layer, the completely open portion and the portion where
surface irregularity is formed can be formed in the photo-
resist layer. However, by heating reflow after development,
the shape of each of the pattern portions of the photoresist
layer 6 in which surface irregularity is formed, can be
smoothed, as shown in FIG. 10B.

[0049]  As the pattern of the photomask, a specified pattern
may be used, which corresponds to the shape of surface
irregularity so as to form surface irregularity in the interlayer
insulating film § to increase the reflectance of the reflecting
electrode in the specified direction. For example, as shown
in FIG. 11A, a plurality of circular patterns are decentered.
By exposure and development, and, if required, reflow using
this photomask for the photoresist layer 6, the pattern
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portions of the photoresist layer 6, in which surface irregu-
larity is formed, can be formed in a shape in which one of
the sides steeply slopes, and the other side gently slopes.

[0050] Also, the reflectance of the reflecting electrode
depends upon the step difference of the pattern formed in the
photoresist layer 6, as shown in FIG. 12, and the step
difference of the pattern depends upon the pattern shape of
the photomask, the exposure, etc. Therefore, the pattern of
the photomask, and the exposure of the photoresist layer 6
are appropriately set so as to form a step difference which
permits the reflecting electrode to obtain predetermined
reflectance.

[0051] Then, the interlayer insulating film 5 is dry-etched
by using the patterned photoresist layer 6 as the etching
mask to transfer the shape of the photoresist layer 6 to the
interlayer insulating film 5. Therefore, the following step D
is performed.

[0052] Step D: The interlayer insulating film 5 is etched by
a resist back-step dry etching method such as a RIE or ICP
method, or the like using the photoresist layer 6 patterned in
the above-described step C as the etching mask so that the
portions of the interlayer insulating film 5 corresponding to
the contact holes H; to be formed are completely opened,
and surface irregularity is formed in the portion of the
interlayer insulating film 5 corresponding to the reflecting
electrode to be formed (FIG. 1D).

[0053] After the interlayer insulating film 5 is formed in
step D, an insulating film need not be further deposited for
forming surface irregularity in the reflecting electrode.
Therefore, a metal film is deposited on the interlayer insu-
lating film § to form the reflecting electrode, thereby simply
obtaining the driving-side TFT substrate and manufacturing
an active matrix reflective liquid crystal display device. In
this case, any desired method can be used for forming the
reflecting electrode, and any layers such as a protecting
layer, and the like may be further provided according to
demand. By using the TFT substrate, a liquid crystal display
panel can be produced by a conventional method to manu-
facture a liquid crystal display device.

[0054] The thus-produced liquid crystal display device is
the same as a known active matrix reflective liquid crystal
display device in that the insulating layer is formed on the
silicon film in which the sources S and the drains D of the
TFTs are formed, and the reflecting electrode having surface
irregularity and serving as a reflecting scattering plate are
formed on the insulating layer. However, the liquid crystal
display device of the present invention is characterized in
that the insulating layer between the silicon film and the
reflecting electrode comprises a single insulating film.
Therefore, the present invention includes a liquid crystal
display device having such a structure.

[0055] The method of manufacturing a liquid crystal dis-
play device of the present invention further comprises the
following steps E to G, which are successively performed
after step D, as shown in FIGS. 1E to 1G.

[0056] Step E: A metal having a high reflectance, such as
Al, Ag, an Al alloy, an Ag alloy, or the like, is deposited by
sputtering to form a metal film 11, patterned by photolithog-
raphy and then etched to simultaneously form the source
electrodes S; communicating with the sources S through the
contact holes H, signal wiring, the drain electrodes D,
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communicating with the drains D through the contact holes
H,, and the reflecting electrode (FIG. 1E). In this case, the
metal film 11 may have a multilayer structure comprising a
conductive film of Al, Ag, an Al alloy, or an Ag alloy having
high reflectance, and a metal film of Cr, Mo, Ti, Ta, W, or the
like.

[0057] Step F: A protecting film 12 comprising photoresist
is formed in a region including the reflecting electrode 10,
and then patterned to form holes at positions of the protect-
ing film 12, which correspond to the drain electrodes D,
(FIG. 1F). As the method of forming the protecting film 12,
a silicon oxide or the like may be deposited and then
patterned by photolithography and etching. However, from
the viewpoint of shortening the process, the preferred
method comprises depositing a photoresist and then pattern-
ing the deposited film only by photolithography, like the
above-described step F.

[0058] The thickness of the protecting film 12 is prefer-
ably set so that the cell gap of a liquid crystal cell is 1/4h.
This cell gap of the liquid crystal cell is generally required
from the viewpoint of brightening the screen of the reflective
liquid crystal display panel.

[0059] The protecting film 12 is not necessarily formed in
the region including the reflecting electrode 10, and the
protecting film 12 may be formed only in the region exclud-
ing the pixel region to form the TFT substrate, as shown in
FIG. 2.

[0060] Step G: As shown in FIG. 1G, a transparent
conductive film 9 is formed on the protecting film 12 to be
patterned to cover the reflecting electrode to obtain the TFT
substrate. The transparent conductive film 9 is deposited by,
for example, sputtering I'TO, and then patterning the depos-
ited film by photolithography and etching. In the present
invention, the transparent conductive film 9 is not necessar-
ily provided on the reflecting electrode 10. However, the
transparent conductive film is electrically connected to the
reflecting electrode 10 at the same potential through the
contact holes H, to prevent a precipitation phenomenon in
which Ag of the reflecting electrode 10 is transferred to the
counter substrate in the liquid crystal cell.

[0061] The liquid crystal cell is obtained by coating an
alignment film on each of the TFT substrate obtained as
described above, and the counter substrate on which a color
filter and a counter electrode are formed, performing align-
ment, bonding both substrate together with a sealing mate-
rial to maintain an appropriate gap between both substrates,
injecting a liquid crystal, and then sealing the substrates.

[0062] In a manufacturing method according to another
embodiment of the present invention, the above-described
step F of patterning the protecting film 12 is performed by
exposing and developing the protecting layer 12 using, as a
photomask for the protecting film 12, a mask having a
pattern formed with a resolution limit of the stepper or less
corresponding to the reflecting electrode to be formed, so
that the portions of the protecting film 12 comprising
photoresist, which correspond to the contact holes to be
formed above the drain electrodes D, can be completely
removed, and surface irregularity can be formed in the
portion which corresponds to the reflecting electrode to be
formed, according to the above step C of patterning the
photoresist layer 6. By this method, the protecting film 12
can be patterned, as shown in FIG. 3A.
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[0063] After the protecting film 12 is patterned, like in the
above-described step G, the transparent conductive film 9 is
formed on the protecting film 12 to obtain the TFT substrate.
In the thus-obtained TFT substrate, external light incident on
the nearly plane-reflecting bottom of the surface irregularity
of the reflecting electrode 10 is scattered due to a difference
between the refractive indexes of the protecting film 12 and
the transparent conductive film 9 to decrease the ratio of
external light incident on the flat portion of the reflecting
electrode 10, and the light reflected by the reflecting elec-
trode 10 is further scattered to improve the reflection per-
formance of pixels.

[0064] A manufacturing method according to a further
embodiment of the present invention comprises forming the
transparent conductive film 9 in the same manner as step G
without forming the protecting film on the pixel region after
the source electrodes S, signal wiring, the drain electrodes
D, and the reflecting electrode 10 is formed in the above-
described step E to produce such a TFT substrate as shown
in FIG. 4.

[0065] Alternatively, after the step D of etching the inter-
layer insulating film 5, the following steps E_ and G_ may be
successively performed to produce a TFT substrate in which
the reflecting electrode 10 is deposited on the transparent
conductive film 9, as shown in FIG. 5.

[0066] Step E_ The transparent conductive film 9 is
deposited to form a pattern including the portions which
correspond to the source electrodes S; communicating with
the sources S through the contact holes H, signal wiring, the
drain electrodes D; communicating with the drains D
through the contact holes H,, and the reflecting electrode 10.

[0067] Step G,: A metal film of Al, Ag, an Al alloy, an Ag
alloy, or the like is deposited to form the reflecting electrode
10 so that the reflecting electrode 10 is connected to the
transparent conductive film 9.

[0068] When ITO is deposited for forming the transparent
conductive film 9, Mo or Ti is preferably deposited on the
ITO film, and then the metal film 11 is deposited thereon.

[0069] Although the present invention has been described
above with reference to the drawings, various other embodi-
ments can be made. For example, although the drawings
show a liquid crystal display device having a pixel structure
comprising bottom-gate structure TFTs, the present inven-
tion can be applied to a liquid crystal display device having
a pixel structure comprising top-gate structure TFTs.

[0070] In accordance with the present invention, a method
of manufacturing an active matrix reflective liquid crystal
display device comprises providing a photoresist layer on an
interlayer insulating film formed on a silicon film in which
sources and drains of TFTs are formed, patterning the
photoresist by using a specified photomask to simulta-
neously form apertures corresponding to contact holes to be
formed above the sources or drains and a shape correspond-
ing to surface irregularity of a reflecting electrode, and
etching the interlayer insulating film by using the photoresist
layer as an etching mask to simultaneously form the contact
holes in the interlayer insulating film and the surface irregu-
larity shape of the reflecting electrode. It is thus possible to
reduce the steps of laminating a photoresist layer required
for forming a surface irregularity shape of a reflecting
electrode in a conventional active matrix reflecting liquid
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crystal display device. Also, source electrodes, signal wir-
ing, drain electrodes and reflecting electrodes, which are
formed in separate steps in a conventional method, can be
simultaneously formed by depositing a single metal film and
patterning it. Therefore, the process for manufacturing a
liquid crystal display device can be significantly simplified
to improve productivity.

[0071] In the present invention, a transparent conductive
film may be formed on the reflecting electrode so that the
transparent conductive film is electrically connected to the
reflecting electrode at the same potential, thereby preventing
a precipitation phenomenon in which Ag of the reflecting
electrode is transferred to a counter substrate in a liquid
crystal display cell.

[0072] Furthermore, in the present invention, a protecting
film may be provided between the reflecting electrode and
the transparent conductive film so that the optical properties
of the liquid crystal display cell can easily be optimized by
controlling the thickness of the protecting film.

What is claimed is:

1. A method of manufacturing an active matrix reflective
liquid crystal display device comprising an interlayer insu-
lating film formed on a silicon film in which sources and
drains of TFTs are formed, and a reflecting electrode having
an irregular surface and formed on the interlayer insulating
film, the method comprising the step of forming and pro-
cessing the interlayer insulating film comprising steps A to
D:

step A of forming the interlayer insulating film on the
silicon film in which the sources and drains of TFTs are
formed;

step B of forming a photoresist layer on the interlayer
insulating film;

step C of patterning the photoresist layer by photolithog-
raphy uses, in which a mask having a pattern formed
with a resolution limit or less corresponding to the
reflecting electrode to be formed is used as a photore-
sist mask for the photoresist layer so that portions of the
photoresist layer corresponding to contact holes to be
formed in the interlayer insulating film above the
sources or drains can be completely removed, and
surface irregularity can be formed in a portion of the
photoresist layer corresponding to the reflecting elec-
trode to be formed; and

step D of etching the interlayer insulating film by using
the photoresist layer patterned in step C as an etching
mask so that portions of the interlayer insulating film,
which correspond to the contact holes to be formed, are
completely opened, and surface irregularity is formed
in a portion of the interlayer insulating film which
corresponds to the reflecting electrode to be formed.

2. A method of manufacturing a liquid crystal display
device according to claim 1, wherein the photoresist layer
patterned in step C is reflowed and used as an etching mask
in step D.

3. A method of manufacturing a liquid crystal display
device according to claim 1, wherein step C uses a photo-
mask having a pattern corresponding to the shape of the
surface irregularity so that surface irregularity is formed in
the interlayer insulating film to increase the reflectance of
the reflecting electrode in a specified direction.
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4. A method of manufacturing a liquid crystal display
device according to claim 1, further comprising, after step
D;

step E of depositing a metal film for simultaneously
forming source electrodes communicating with the
sources through the contact holes, signal wiring, drain
electrodes communicating with the drains through the
contact holes, and the reflecting electrode;

step F of depositing a protecting film and patterning the
protecting film to open portions of the protecting film
which correspond to contact holes to be formed above
the drain electrodes; and

step G of forming a transparent conductive film on the
protecting film so that the transparent conductive film
is connected to the reflecting electrode through the
contact holes.

5. A method of manufacturing a liquid crystal display
device according to claim 4, wherein step F comprises
forming the protecting film comprising photoresist and
patterning the protecting film by using, as a photoresist mask
for the protecting film, a mask having a pattern formed with
a resolution limit or less corresponding to the reflecting
electrode to be formed, so that the portions of the protecting
film corresponding to the contact holes to be formed above
the drains can be completely removed, and surface irregu-
larity can be formed in the portion of the protecting film
corresponding to the reflecting electrode to be formed.

6. A method of manufacturing a liquid crystal display
device according to claim 4 or 5, wherein the thickness of
the protecting film is controlled so that the cell gap of a
liquid crystal display cell is 1/4h.

7. A method of manufacturing a liquid crystal display
device according to claim 1, further comprising, after step
D;

step E of depositing a metal film for simultaneously
forming source electrodes communicating with the
sources through the contact holes, signal wiring, drain
electrodes communicating with the drains through the
contact holes, and the reflecting electrode; and
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step G, of forming a transparent conductive film on the
reflecting electrode so that the transparent conductive
film is connected to the reflecting electrode.

8. A method of manufacturing a liquid crystal display
device according to claim 4, further comprising, after step
D;

step E_ of depositing a transparent conductive film for
simultaneously forming pattern portions which corre-
spond to source electrodes communicating with the
sources through the contact holes, signal wiring, and
drain electrodes communicating with the drains
through the contact holes, and the reflecting electrode;
and

step G, of forming a transparent conductive film on the
reflecting electrode so that the transparent conductive
film is connected to the reflecting electrode.

9. An active matrix reflective liquid crystal display device
comprising an insulating film formed on a silicon film in
which sources and drains of TFTs are formed, and a reflect-
ing electrode having an irregular surface and formed on the
insulating film, wherein the insulating layer comprises a
single insulating film.

10. A liquid crystal display device according to claim 9,
further comprising a transparent conductive film formed on
the reflecting electrode so that the transparent conductive
film is connected to the reflecting electrode.

11. A liquid crystal display device according to claim 10,
further comprising a protecting film provided between the
reflecting electrode and the transparent conductive film so
that the cell gap of a liquid crystal display cell is set to 1/4h.

12. Aliquid crystal display device according to claim 11,
wherein the surface irregularity is formed in the transparent
conductive film formed on the reflecting electrode.

13. A liquid crystal display device according to claim 9,
wherein the reflecting electrode is deposited on the insulat-
ing layer through the transparent conductive film.



[55]5R 18 (% R A (%)
B (E R A ()
45 B (B FUAR) A (i2)
FIREA

£ A

IPCH 35

CPCH¥S

L 5E4X

H AT SOk
ShERaELE

BEX)

RAXBRETRE

US20020075423A1 NIF(nE)B

US09/951162 HiEA

BEIEF

B EF

RERXT

FUJINO MASAHIRO

FUJINO, MASAHIRO

patsnap

2002-06-20

2001-09-12

GO02F1/133 G02F1/1335 G02F1/1343 G02F1/136 G02F1/1362 G02F1/1368 G09F9/30 HO1L21/336

HO1L29/786

GO02F1/136227 G02F1/133553

2000281012 2000-09-14 JP
2000361080 2000-11-28 JP

US6943049

Espacenet USPTO

12

REARE-—MHEREFEERFERRERRENSE | SEEEM
WERRLEEENSE, KFRALERRALEENSROEEEE

RERREENSERA , ERERTFTRRRARER, S EB |, ER A% %

.
| ]
4~~~ <O

BRERRXARE SHC  BIEALEN LT HIRN RS SRS
HERRAEENBEHAOAROBE | SUSEEEN LIS AR
#ET B SR IB A S TRCH B R LB AR A0 th 2
BRBAR LSO SHD ESROZE , RS ERARN AR
%, EEHL , RORARS SR, Bt T URICHES & RB £

=,



https://share-analytics.zhihuiya.com/view/067e805a-756c-4106-8666-929d9504dac6
https://worldwide.espacenet.com/patent/search/family/026600074/publication/US2002075423A1?q=US2002075423A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020075423%22.PGNR.&OS=DN/20020075423&RS=DN/20020075423

