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PRCODUCTI ON METHOD The present invention relates to liqu
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di splay de- vices and nore particularly to the el enent su?iggages of I|qU|d

crystal display,devices in which nonlinear;elenents are

matri x corresponding to the display screen. The present |nvent|on further

relates to a produc- tion nethod for such el enent substrates.

Fig. 4 is a

top view of a prior art elenment substrate in which netal -insul at or - net al
(MM elenents are used as the pixel elenents for driving the pixels, and
Fig. 5is a cross section (along line I-1") of the sane el enent sub-
strate. Both figures show that a |lateral (side surface) MMstructure is

used in which only the side surface 22 of a first conductor 21 is utilized
as the pixel el emBHEMENT 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.



In lateral MMelenents, all surfaces except the side sur- face 22 of the
first conductor 21, i.e. the part where MM structure is forned, are
covered with a barrier layer 23. The barrier |ayer 23 has an el ectrical
resi stance hi gh enough to avoid an M M fungtion 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 overl ap

each other becones a glxel element, i.e. a non-linear elenent, for driving
the pixel el KBPBREM es#a%ﬁeuﬁﬁaufercmgtaPn@vgtOWaJyndvéwc%iements
2 Known nbheludeésTaself oaut heToonRictene amd MMed:xenenﬁswnnﬁhude Ta

A, Au, ITO N Cr+A | TO+Cr no mat e- s for_t tor

i ncl ude TaOx, %éiﬁ g%f Re, IRERg 3f2g4aﬁﬁc%ﬂéﬁa£ﬁ%%5es+ §UI§f§ are

formed by theTaﬁx oAlexoand BrO®at Theser ibsulaptwrerang. 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



In addition to the above inorgani c conpounds used as the insulator,
pol yi m des and ot her organi c conpounds are also used in the barrier |ayer.
The nbst common structure used in MMelenents is one that enploys tantal um
(Ta) for the first conductor 21, tantalumdxide (TaOx) for the insulator 24
and chrone (Cr) for the second conductor (Ta/ TaOx/Cr structure). However,
in the el ement substrate of liquid crystal display devices that use the
above prior art MMelenent, the MMelenent is forned on the side surface

of the first conduc- jtor and mhgre the insulato %é d second conq#%ior 25
overlap, and 395t fbree RF QUEE1IN (REPGATT & 9 G A KM He
t o devi ati onsin rtiehel spuidicerystsl odisgiasiderise fofc mdt?2 deaampepdble tthe

production pr t - t] i .n. deviat.i d ) .the characteristics
of many M M ei eman{ls unccifso%]fsér% (jéés}q?oil%e ec%fgtr#é%??l%lﬁ'e deviations in the

surface area of the side surface 22 are caused by an inconsistent
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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 1is a cross section to explain an exposure step of
an embodiment of the production method of the in-
vention;

Fig. 4 1is a top view of an element substrate of a prior
art liquid crystal device; and

Fig. 5 1is 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



el enment and the inability to control the el enment surface

3 area in the production process leads to the serious problemin the
liquid crystal display device of not being able to control the display
condition of the pixels. The purpose of ghe invention is to offer an

el ement sub- strate for liquid crystal display devices and its produc- tion
nmet hod that will solve the above problens and provide a uniform
characteristic, even in large surface area |liquid crystal display devices.
This object is achieved with an el ement substrate and a_ production method,
respectivel y,isstermeded. trapapatentnPaseffilit, pF skert FHERtFROANWFFPT be

described be-3|f¥e i th&Dseqdelarfades hof efRE efDEst CdrittudkEdyy NPYSaré Nthdi ch:
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



Fig. 1 is a cross section show ng an enbodi nent of the el ement

substrate of the invention; Fig. 2 are cross sections during various
steps of an enbo- di mrent of the production nethod of the invention
Fig. 3 is a cross section to explain an exposure step of an

enbodi nent of the production nethod of the in- vention, Fig. 4

Is atop view of an el enent substrate of a prior art liquid crystal
devi ce; and Fig. 5 is a cross section of an elenent substrate of a

prior art liquid crystal display device. Fig. 1 is a cross section of the

el ement subst 2k &Eh $ike | sNEFRGeR, 3 vitrg cthe |f59R RigesarfspFantbe gssent e,
on whi ch 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



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 4,66 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 fornmed on the part 5 of the top surface, and since it
is thicker than the first insulator 6, the part that functions as a
nonl i near pixel element fornmed by the first conductor 2, the second con-
ductor 8 and Taecelastiratier 1lheWbbat abehing ihecppuformpds ctheeparespf the

conductor 2. tf6x’ kish hacHheiAl enandeLherseqood eapdust ot Ssoyst! ap-and

not the part where fiLrst conduct or he second insulator 7 and the
second conduct®edgandePndy. theTH§hﬁFr§PrtﬁsefaFB? %agﬁlghlﬁoﬁ?rﬁﬁet§§‘to

the pi xel el ech@@niasi sShbahmed Qa%thz(bpp Qﬂgeétéhﬂﬁgtbﬂtél6ﬁttﬁén@uok0r 2
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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 enerqgy 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 Figqg.
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.



conductor -2 -i-n-the-producti on process. However, the el ement substrate of
the inv abl e of absorbing such de- viations in the surface
ar eas ﬂﬂ"ﬁ"’";ﬁuaﬁ& area of the upper edges 4. Therefore, as described
bel ow, s of a positive resist 13 shown in Fig. 2 and the

first conductor 2 and the ampunt of exposure light fromthe rear surface
need only be optim zed. As a result, devia- tions in the pixel elenent

surface area, which is the total 5
of the side surfaces 3 and the top edges 4, can be essen- tially
elimnated. CIMEIMSis an explanation based on Fig. 2 of the production

process of the elenent substrate of the liquid crystal dis- play device of
the invention. Fig. 2(a) is a cross section showi ng the transparent
substrate 1 fornmed froma transpa- rent TaOx filmas the base film on

which are formed a ha pﬁi@léxﬁdﬁc subridte fiorstl ieuiducrystand dst@y il m

12 The Ta CRSHNS ekeul o TEEY IR A0ty 14408 12
(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.



or chemnical vapor deposition (CVD): In this enbodinent, the TaOx film 12
Is also formed on the transparent substrate 1, but it need only be forned
on the Ta electrode 11 and its side surfaces. Next, the positive resist
13 is applied to the surface of the TaqE film12 as shown in Fig. 2(b),
and is then exposed fromthe opposite sturface 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,
whi ch i s not trans-arent I S not ex-osed since the TaOx film 12 and ot her
oxi de or nitrABSTIEE OF; RE ‘ posure light. Therefore,
when devel oped, only part 14 of the reS|st above the Ta electrode 11
remai ns as shown in Fig. 2(c), in which con- dition etching is perforned
until the side surfaces of the Ta electrode 11 are exposed, resulting in
the condition shoﬂhEMENEigUBs¢n;TE ronnnzqwxnfcnmemnnnnxsrgmre, 15 is the

remai ni ng part of the T3Re1d Ag}ﬁ’] mrbﬁe I nsul at or used as
the barrier |ayer, are t e Si surfaces o a electrode 11 and 17
are the top edges of the Ta el ectrode 11. The side surfaces 16 and the top

edges 17 are surfaces of the

Disclosed is an element substrate for liquid crystal dis-
play devices and its production method. The element sub-
strate includes pixel elements for driving pixel electrodes
of the liquid crystal display device. Each pixel element
comprises a first conductor (2), an insulating layer (6, 7)
formed on the first conductor and a second conductor (8)
formed at least partly on the insulating layer. The insula-
ting layer (6, 7) comprises a first insulator on the side
surfaces and the top edges of the first conductor (2) and a
second insulator (7) on the remaining area of the top sur-
face of the first conductor (2). The second insulator has a
thickness higher than that of the first insulator and only
the overlapping part of the first conductor, first insula-
tor and second conductor forms the pixel element. By con-
trolling the area of the top edges of the first conductor
covered by the first insulator, deviations in the surface
area of the side surfaces of the first conductor may be
compensated for.



6 Ta el ectrode 11. \Wen etching is perforned, 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 film12 is constant, and therefore when the TaOx film 12
is etched, etching reaches the side spufaces 16 and the top edges 17 at the
sane tine. An inportant factor in this process is controlling of the
position of the part 14 of the resist |eft by exposure and devel opi ng. 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
el ectrode 11 are sensitized by the exposure light in the exposure shown in
Fig. 2(b). Therefore, the position of part 14 of the resist remining due
to devel opnent can be controlled by appropriately setting the exposure
conditions in advance. As a specific exanple, pixel elements with little
deviation in the elenent surface area can be achi eved by a production
process based on the conditi ons bel ow. Fil mthickness of Ta
el ectrode 11: 2505nn1 Fi 8nthickness of TaOx film 12
300 nm
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Fil mthi ckness of positive resist 14: 1300 'nm Exposur e energy
fromrear surface: 70 md/ cnR A thin TaOx filmis formed as the first
i nsul ator on the side surfaces 16 and top edges 17 of the Ta el ectrode 11
by anodic or thermal oxidation fromthe condition in Fig. 2 (d), and then
Cr as the second conductor and the pixelgﬁﬁﬁ;trode is formed and the Cr
pattern and pi xel electrode pattern are d by photo-etching, whereby
the el ement shown in Fig. 1 is produced.

7 CLAI M5 1. An elenent substrate for liquid crystal display
devices wherein a first conductor (2), an insulating layer (6, 7) and a
second conductor (8) are forned by sequential |am nation on a transparent
substrate (1), the insulating layer conprising a first insulator (6) fornmed
on the side
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surfaces (16) and top edges (17) of the first conductor and a second
insulator (7) fornmed on the remaining area of the top surface, wherein the
second insulator (7) is thicker than the first insulator (6), and the
over |l apping parts of the first conductor (%% the first insulator (6) and
the second conductor (8) form pixel el en&3 for driving pixel electrodes
(9) of the liquid crystal display device. 2. A production nethod
for the elenment substrate for liquid crystal display devices of claiml
wherein the first conductor (11) is fornmed 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 con [de of the transparent
substrate until it 1's photosensitized andjis then de
insulator is etched until the sides and lupper ed- ges of the flrst
conductor are exposed, .and the first ingu- lator and second conductor are
formed sequential |y gmthesrdesand—upger—edges—of—tte—f+nst gonductor,
el gment is forned. l




