
ELEMENT SUBSTRATE FOR LIQUID CRYSTAL DISPLAY           DEVICES AND ITS
PRODUCTION METHOD    The present invention relates to liquid crystal
display de- vices and more particularly to the element substrates of liquid
crystal display devices in which nonlinear elements are arranged in a
matrix corresponding to the display screen. The present invention further
relates to a produc- tion method for such element substrates.   Fig. 4 is a
top view of a prior art element substrate in which metal-insulator-metal
(MIM) elements are used as the pixel elements for driving the pixels, and
Fig. 5 is a cross section (along line I-I') of the same element sub-
strate. Both figures show that a lateral (side surface) MIM structure is
used in which only the side surface 22 of a first conductor 21 is utilized
as the pixel element. 



In lateral MIM elements, all surfaces except the side sur- face 22 of the
first conductor 21, i.e. the part where MIM structure is formed, are
covered with a barrier layer 23. The barrier layer 23 has an electrical
resistance high enough to avoid an MIM function to occur in parts where
this barrier layer 23 is provided. In the figure, 25 is a second conductor,
26 a pixel electrode and 27 a transparent substrate. The part, where the
first conductor 21, the in- sulator 24 and the second conductor 25 overlap
each other becomes a pixel element, i.e. a non-linear element, for driving
the pixel electrode 26 of the liquid crystal dis- play device.
2     Known materials used for the conductors in MIM elements include Ta,
Al, Au, ITO, NiCr+Au and ITO+Cr. Known mate- rials for the insulator 24
include TaOx, SiNx, SiOxNy, TaNx, AlOx and ZnOx. These insulators are
formed by thermal or anodic oxidation or by sputtering.  



In addition to the above inorganic compounds used as the insulator,
polyimides and other organic compounds are also used in the barrier layer.
The most common structure used in MIM elements is one that employs tantalum
(Ta) for the first conductor 21, tantalum oxide (TaOx) for the insulator 24
and chrome (Cr) for the second conductor (Ta/TaOx/Cr structure).   However,
in the element substrate of liquid crystal display devices that use the
above prior art MIM element, the MIM element is formed on the side surface
of the first conduc- tor and where the insulator 24 and second conductor 25
overlap, and therefore the size of the MIM elements is not consistent due
to deviations in the surface area of the side surface 22 formed in the
production process, thus re- sulting in deviations in the characteristics
of many MIM elements functioning as pixel elements.   The deviations in the
surface area of the side surface 22 are caused by an inconsistent
distribution of the film thickness of the first conductor 21 (the surface
area of the MIM element is proportional to the film thickness of the first
conductor 21) and of the angel formed between the side surface 22 and the
transparent substrate 27, i.e., the cross sectional shape of the side
surface (shape of taper).   The inconsistency in the element surface area
of the MIM 



element and the inability to control the element surface
3     area in the production process leads to the serious problem in the
liquid crystal display device of not being able to control the display
condition of the pixels.   The purpose of the invention is to offer an
element sub- strate for liquid crystal display devices and its produc- tion
method that will solve the above problems and provide a uniform
characteristic, even in large surface area liquid crystal display devices.
This object is achieved with an element substrate and a production method,
respectively, as claimed.   Embodiments of the present invention will be
described be- low in more detail with reference to the drawings, in which: 



Fig. 1  is a cross section showing an embodiment of the         element
substrate of the invention;   Fig. 2  are cross sections during various
steps of an embo-         diment of the production method of the invention;
Fig. 3  is a cross section to explain an exposure step of         an
embodiment of the production method of the in-         vention;   Fig. 4
is a top view of an element substrate of a prior         art liquid crystal
device; and   Fig. 5  is a cross section of an element substrate of a
prior art liquid crystal display device.   Fig. 1 is a cross section of the
element substrate of the invention, where 1 is the transparent substrate,
on which         



4     is formed a transparent base film, 2 is a first conductor, 3 are the
side surfaces of the first conductor, 4 are the upper edges of the first
conductor, 5 is the remaining part of the top surface of the first
conductor 2 not including the top edges 4, 6 is a first insulator, 7 is a
second insulator, 8 is a second conductor and 9 is a pixel electrode. The
second insulator 7 is formed on the part 5 of the top surface, and since it
is thicker than the first insulator 6, the part that functions as a
nonlinear pixel element formed by the first conductor 2, the second con-
ductor 8 and the insulator therebetween is the part where the first
conductor 2, the first insulator 6 and the second conductor 8 overlap and
not the part where the first conductor 2, the second insulator 7 and the
second conductor 8 overlap.   The first insulator 6 which contributes to
the pixel ele- ment is formed on the top edges 4 of the first conductor 2
as well as the side surfaces 3. Therefore, the surface area of the pixel
element is the total of one side surface 3 and one of the top edges 4.
One problem of prior art MIM elements have been deviations in the surface
area of the side surfaces 3; that is, the surface area of the side surfaces
3 varied due to devia- tions in the film thickness and taper shape of the
first 



conductor 2 in the production process. However, the element substrate of
the invention is capable of absorbing such de- viations in the surface
areas 3 with the surface area of the upper edges 4. Therefore, as described
below, the film thickness of a positive resist 13 shown in Fig. 2 and the
first conductor 2 and the amount of exposure light from the rear surface
need only be optimized. As a result, devia- tions in the pixel element
surface area, which is the total                                       5
of the side surfaces 3 and the top edges 4, can be essen-  tially
eliminated.    Next is an explanation based on Fig. 2 of the production
process of the element substrate of the liquid crystal dis-  play device of
the invention. Fig. 2(a) is a cross section  showing the transparent
substrate 1 formed from a transpa-  rent TaOx film as the base film, on
which are formed a Ta  electrode 11 as the first conductor and a TaOx film
12. The  Ta electrode 11 is formed by photo-etching, and the TaOx  film 12
is then formed as the barrier layer by sputtering 



or chemical vapor deposition (CVD). In this embodiment, the  TaOx film 12
is also formed on the transparent substrate 1,  but it need only be formed
on the Ta electrode 11 and its  side surfaces.    Next, the positive resist
13 is applied to the surface of  the TaOx film 12 as shown in Fig. 2(b),
and is then exposed  from the opposite surface of the transparent substrate
1,  i.e., rear surface of the transparent substrate 1 (direc-  tion of
arrows). As a result, only the positive resist  above the Ta electrode 11,
which is not transparent, is not  exposed since the TaOx film 12 and other
oxide or nitride  films are transparent to the exposure light. Therefore,
when developed, only part 14 of the resist above the Ta  electrode 11
remains as shown in Fig. 2(c), in which con-  dition etching is performed
until the side surfaces of the  Ta electrode 11 are exposed, resulting in
the condition  shown in Fig. 2(d).    In (d) of the same figure, 15 is the
remaining part of the TaOx film, which becomes the second insulator used as
the barrier layer, 16 are the side surfaces of the Ta electrode 11 and 17
are the top edges of the Ta electrode 11. The side surfaces 16 and the top
edges 17 are surfaces of the        



6     Ta electrode 11. When etching is performed, the part of the TaOx film
12 having the resist 14 on top of it is not et- ched and only the other
parts of the TaOx film 12 are et- ched as shown in Fig. 2(c). The etching
rate of the TaOx film 12 is constant, and therefore when the TaOx film 12
is etched, etching reaches the side surfaces 16 and the top edges 17 at the
same time.   An important factor in this process is controlling of the
position of the part 14 of the resist left by exposure and developing. The
exposure light contains a diffraction com- ponent 18 as shown in Fig. 3,
and so only parts 19 of the positive resist 13 present on top of the Ta
electrode 11 are sensitized by the exposure light in the exposure shown in
Fig. 2(b). Therefore, the position of part 14 of the resist remaining due
to development can be controlled by appropriately setting the exposure
conditions in advance.   As a specific example, pixel elements with little
deviation in the element surface area can be achieved by a production
process based on the conditions below.         Film thickness of Ta
electrode 11:         250 nm       Film thickness of TaOx film 12:
300 nm 



Film thickness of positive resist 14:     1300 nm       Exposure energy
from rear surface:      70 mJ/cm2   A thin TaOx film is formed as the first
insulator on the side surfaces 16 and top edges 17 of the Ta electrode 11
by anodic or thermal oxidation from the condition in Fig. 2 (d), and then
Cr as the second conductor and the pixel electrode is formed and the Cr
pattern and pixel electrode pattern are formed by photo-etching, whereby
the element shown in Fig. 1 is produced.
7     CLAIMS          1. An element substrate for liquid crystal display
devices wherein a first conductor (2), an insulating layer (6, 7) and a
second conductor (8) are formed by sequential lamination on a transparent
substrate (1), the insulating layer comprising a first insulator (6) formed
on the side 



surfaces (16) and top edges (17) of the first conductor and a second
insulator (7) formed on the remaining area of the top surface, wherein the
second insulator (7) is thicker than the first insulator (6), and the
overlapping parts of the first conductor (2), the first insulator (6) and
the second conductor (8) form pixel elements for driving pixel electrodes
(9) of the liquid crystal display device.         2. A production method
for the element substrate for liquid crystal display devices of claim 1
wherein the first conductor (11) is formed on the transparent substrate
(1), a transparent insulator (12) and positive resist (13) are applied in
films on the top and side surfaces of the first conductor, after which the
positive resist located on the upper edges (17) and the side surfaces (16)
of the first conductor is exposed from the under side of the transparent
substrate until it is photosensitized and is then develo- ped, the
insulator is etched until the sides and upper ed- ges of the first
conductor are exposed, and the first insu- lator and second conductor are
formed sequentially on the sides and upper edges of the first conductor,
whereby the pixel element is formed.    


