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ELECTRO-OPTICAL APPARATUS 

The invention concerns an electro-optical apparatus inclu­

ding at least one pixel electrode and a non-linear device 

(driving device) for driving that pixel electrode. 

A liquid crystal display panel which is one example of such 

an electro-optical apparatus is disclosed in EP-A-0381927. 

In this prior art a plurality of pixel electrodes are ar­

ranged i~ a -matrix pattern on the inner side of one of a 

pair of opposing substrates sandwiching a liquid crystal 

layer therebetween. Each pixel electrode is driven through 

a non-linear devi~e, i. e. a device having a non-linear 

current-voltage-characteristic. 

Another electro-optical device of this kind is disclosed in 

European patent application 92100994.0 (prior art according 

to art. 54 (3) EPC). Figs. 7 and 8 illustrate this prior 

art. Fig. 7 is a plan view on a part of that of the two op­

posing substrates that carries the pixel electrodes and the 

non-linear devices (this substrate will be called device 

substrate below). Fig. 8 is a sectional view along line B-B 

in Fig. 7. 

The device substrate 1 is made from clear glass or a simi­

lar material. A conductor 2 made of tantalum (Ta), an insu­

lator 3 made of tantalum oxide (TaOx) and a conductor 4 

made of chrome (Cr) are formed in this order one upon the 

other on device substrate 1. A pixel electrode 5 is connec­

ted to conductor 4. 
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Conductors 2 and 4 and the insulator therebetween form an 

MIM (metal-insulator-metal) device s which is a non-linear 

device used for driving the pixel electrode. In a liquid 

crystal panel a plurality of pixel electrodes are arranged 

on the surf ace of device substrate 1 in a matrix conf iqura­

tion. Conductor 2 is connected via such MIM devices to 

respective pixel electrodes for signal input. 

As shown in Fig. a, in the .MIM devices of the illustrated 

example, insulator 3 comprises an insulating layer 3b on 

the top surf ace of conductor 2 and an insulating layer 3a 

on the side surfaces of conductor 2. Insulating layer 3b is 

thicker than insulating layer 3a and has a high electrical 

resistance to serve as a barrier layer. Therefore, only the 

side portion where conductors 2 and 4 and insulating layer 
3a overlap is used as the non-linear device in the form of 

a so-called lateral MIM structure. 

By using only insulating layer 3a at the side of conductor 

2 for a non-linear device, the surface area of the non­

linear device can be made very small. This is very effec­

tive for creating a high density and a high degree of fine­
ness in an electro-optical apparatus· such as a liquid cry­

stal display device. 

An example of a process for manufacturing the device sub­

strate O.escribed above will be explained below with ref e­

rence to Fig. 9. 

(1) In a first step ·a conductive film 2' of a material such 

as tantalum is formed on a transparent substrate 1 such as 

a glass substrate as shown in Fig. 9(a). 
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{2) By means of a photo-etching technique conductive film 

2 1 is patterned, as shown in Fig. 9{b), to obtain the first 

conductor 2. 

(3) An insulating layer 3 1 such as a tantalum oxide layer 
is applied to the surface of substrate 1 having the first 
conductor 2 formed on it (Fig. 9{c)). 

(4) Insulating layer 3' is removed except for the portion 

on the top surface of first conductor 2 by means of a 

photo-etching technique, thus forming barrier layer Jb. 

This etching may be performed, for example, in the fol~ 

lowing way, provided in the condition shown in Fig. 9(c) 
the first conductor 2 is opaque and insulating layer J'' is 

transparent. The surface of insulating layer 3 1 is coated 

with a positive photosensitive resist (a photoresist whose 

exposed areas can be removed by etching). When exposure is 

done from the back surface through transparent substrate 1, 

only the photo-resist on the first conductor 2 will remain 

after developing. After that, the barrier layer Jb is for­

med as indicated in Fig. 9{d) by etching the insulating 

layer 3', 

(5) Then, insulating layer 3a is applied to the side surfa­

ces of the first conductor 2 as shown in Fig. 9(e). 

(6) After that the second conductor 4 and the pixel elec­

trode 5 are applied as shown in Fig. 9(f) and are etched 

into a desired pattern by means of a photo-etching techni­

que. 

With the above structure, in addition to the lateral MIM 
device a dummy MIM is formed by the first conductor 2, the 

barrier layer Jb and the second conductor 2. This dummy MIM 
device adversely affects many of the desired characteri-
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sties of the lateral MIM device. To reduce this influence 

it is necessary to make the resistance component of the 

dummy MIM device extremely large and its capacitance compo­

nent extremely small. To that end the thickness of the bar­
rier layer 3b should be as large as possible. However, if 
the barrier layer 3b is made too thick the heiqht of the 
structure qets to large and makes processing difficult. For 
example, with an increase of the height, the portion at a 

higher level which has an increase in the time for film 
formation or etching will experience problems. Further, 
problems such as an increase in defects, for instance by 

broken lines, difficult photo-alignment, difficult focusing 
and an increase of deviations of pattern sizes during 
photo-etching occur._ In the prior art, in qeneral an oxide 
film with a film thickness of 300 nm has been used as the 
barrier layer 3b. However, for the reasons given above, it 
is impractical to increase that film thickness to twice 
that amount or 600 nm for example. Actually, it is almost 

impossible. 

This invention is intended to remedy the drawbacks of the 
prior art explained above and to provide an electro-optical 
device usinq non-linear devices that have dummy device por­
tions which do not impair the characteristics of the appa­
ratus even if the barrier layer is not very thick. 

This object is achieved with an electro-optical apparatus 
as claimed. 

According to this invention, a pixel electrode is driven by 
at least one pair consisting of a first non-linear device 

· and a second non-linear device. In this case, a first dummy 
device is formed by the barrier layer of the first non­
linear device and the first and second conductors contac­
ting it. In the same manner a second dummy device is formed 
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for the second non-linear device. However, because the sig­

nal paths through these two dummy devices are connected in 

series, the signal will pass through a barrier layer two 

times. If the thicknesses of both barrier layers are equal, 
the effect of the series connection is the same as doubling 
the film thickness. Thus, the invention allows to increase 

the resistance of the (combined) dummy devic~ two-fold and 

reduce its capacitance to about half that of a dummy device 

in the prior art. 

Embodiments of the invention will be described below with 
reference to the drawings in which: 

Fig. 1 is a plan view on a part of a device substrate il­

lustrating one embodiment of the electro-optical 

apparatus according to the invention, 

Fig. 2 is an enlarged cross sectional view along line A-A 

in Fig. 1, 

Figs. J(a) and J(b) are equivalent circuits of the non­
linear devices according to the invention and the 

prior art, respectively, 

Fig. 4 is a view similar to Figure 1, showing another em­

bodiment of the invention, 

Fig. 5 is a view similar to Figs. 1 and 4 showing still 
another embodiment of the invention, 

Fig. 6 is a graph showing the contrast versus capacitance 

ratio for the above embodiment, 

Fig. 7 is a plan view of a part of the device substrate 

according to the prior art, 

This Sheet Has Been Replaced 

.. 1111111111111111111111111 



6 

Fig. a is an enlarged sectional view along line B-B in 

Fig. 7, 

Figs. 9(a) through 9(f) are sectional views illustrating 

various process steps of manufacturing the device 

substrate according to the prior art. 

In the embodiments described below the invention is applied 

to a liquid crystal display device as one example of an 

electro-optical apparatus. 

Figs. 1 and 2 illustrate a first embodiment of the inven­

tion. This embodimen~ comprises an inter-device intercon­

nect 9, which is formed by staking a conductor 6 made of a 

material such as tantalum, an insulator 7, made of a ma­

terial such as tantalum oxide, and a conductor a made of a 

material such as chrome·, on the surface of a device sub­

strate 1 made of a material such as transparent glass. The 

embodiment further comprises a conductor 2 made of tantalum 

on the surface of substrate base 1 between the inter-device 

·interconnect 9 and a pixel electrode 5 which is made of ITO 

(indium tin oxide). conductor 2 has the shape of an equila­

teral trapezoid in cross-section and is covered by an insu­

lator 3 comprising an insulating layer 3b forming a barrier 

layer ·on the top surface of conductor 2 and insulating la­

yers Ja on the side surfaces of conductor 2. A part of the 

conductor 8 of the inter-device interconnect 9 extends to 

the surf ace of insulating layers 3a and Jb. The part where 

conductor a, insulating layer 3a and conductor 2 overlap 

each other forms a non-linear device Sl in the form of a 

lateral MIM device. A conductor 4, which is connected to 

the pixel electrode 5 extends to the surface of insulating 

layers Ja and Jb. The part where conductor 2, insulating 
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layer 3a and conductor 4 overlap each other forms a second 

non-linear device S2 in the fonn of a lateral MIM device. 

The first non-linear device uses conductor 8 as the .first 

and conductor 2 as the second conductor, whereas the second 

non-linear device S2 uses conductor 2 as the first and con­

ductor 4 as the second conductor. Thus, the two non-linear 

devices Sl and S2 are electrically connected in series bet~ 

ween the inter-device interconnect 9 and the pixel elec­

trode s. That is, the signal path extends from conductor 8 

through insulator 3 to conductor 2 and from conductor 2 

again through insulator 3 to conductor 4. 

Each of the non-linear devices Sl and S2 is associated with 

a respective dummy non-linear device. A first dummy non­

linear device is formed in the vicinity of the first non­

linear device Sl where conductors 2 and a overlap with in­

sulating layer or barrier layer Jb therebetween. In the 

same manner a second dummy non-linear device is formed in 

the vicinity of the second non-linear device S2 where con­

ductors 2 and 4 overlap with insulating layer Jb therebet­

ween. Each dummy non-linear device is electrically in pa­

rallel to its associated non-linear device Sl and S2, 

respectively. Therefore, since the non-linear devices Sl 

and S2 are connected in series between the inter-device in­

terconnect 9 and the pixel electrode 5, so are the dummy 

non-linear devices, as shown in the equivalent circuit of 

Fig. J(a} where the dummy non-linear devices are denoted 

Sl' and s2•. Fig J(b) shows the equivalent circuit of a 

single non-linear device s in parallel to a dummy non­

linear device S' according to the prior art. 

As will be appreciated from a comparison of Figs. 3(a) and 

J(b), the paired arrangement according to the invention has 

a smaller overall capacitance and a larger overall resi-
---------·--
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stance of the combined dummy non-linear devices Sl' and S2' 
compared to those of the prior art of Fig. 3(b). With the 
same thickness of the barrier layer 3b in both cases, the 
capacitance according to the invention is half and the re­
sistance twice that of the prior art. By reducing the capa­
citance and increasing the resistance of the dummy non­
linear device portion formed across the barrier layer Jb, 
the present invention allows to reduce the drive voltage of 
the liquid crystal display device or another electro-opti­
cal apparatus. In addition there are the advantages of re­
ducing cross-talk and improving the contrast. 

Further, by driving the pixel electrodes through a pair of 
non-linear devices Sl and S2 connected in series, as des­
cribed above, it is possible to eliminate the so-called 
asymmetrical polarity of the non-linear devices, i.e. a de- \ 
pendency of the characteristic on the polarity. In particu­
lar, when the effective surface area of the non-linear de­
vices Sl and S2 is the same, it is possible to completely 
eliminate the asymmetrical polarity. 

In the embodiment described above, the inter-device inter­
connect 9 is formed by means of conductor 6, insulator 7 
and conductor 8 in order to improve adhesion of conductor 8 
to the substrate. However, it may also be formed of a 
single layer conductor. 

The above mentioned materials are those of a pref erred em­
bodiment. However, there are many materials that may be 
used for an MIM device. For example, Ta, er, Ti, Au, Pt, 
Al, Mg, etc. can be us·ed as a conductor for the MIM device. 
TaOx, siox, TaNx, SiNx, AlOx, etc. can be used as an insu­
lator. Further, pixel electrode 5 and at least the adjacent 
conductor 4 can be made of the same conductive material for 
example ITO or thin films of a variety of heavy metals. 
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In the above embodiment the pair of non-linear devices S1 
and S2 is arranged nearly perpendicularly to each other and 
to the rectangular area of insulator 3. However, this 
arrangement is optional. For example, it is possible to 
arrange the two non-linear devices on a straight line on 
opposing sides of insulator 3 as shown in Fig. 4. 

In the embodiments according to Figs. 1 to 4 a single pair 
of series connected non-linear devices is used to connect 
pixel electrode 5 to inter-device interconnect 9. However, 
a plurality of such pairs may be used instead for each 
pixel electrode 5, the pairs either connected in series or 
in parallel to each other. 

Fig. 5 shows an embodiment in which two pairs of series 
connected non-linear devices S1 and S2 are arranged elec­
trically in parallel between inter-device interconnect 9 
and pixel electrode 5. 

An arrangement according to Fig. 5 has the following fur­
ther advantage: Reference is made to Fig. 6 showing the 
contrast versus the capacitance ratio, that is the ratio 
between the pixel capacitance and the capacitance of the 
non-linear devices driving the pixel electrode. Let this 
capacitance ratio be 4 for the arrangement of Fig. 5 having 
two pairs Sl, S2 electrically in parallel. "If one of the 
non-linear devices turns out to be defective and is cut 
out, for instance by means of laser repair, one pair of 
non-linear devices will be left for driving the pixel elec­
trode, and the capacitance ratio will increase to 8. How­
ever, as to be taken from Fig. 6, the contrasts for a capa­
citance ratio of 8 and 4 are about the same, both at normal 
(room} temperature and high temperatures. Therefore, if one 
of the two pairs of non-linear devices of a pixel electrode 

- .. --··-·--------
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is defective, this pixel will still exhibit about the same 

contrast as a pixel driven by two pairs. 

Even if two non-linear devices such as MIM devices accor­

ding to the prior art would be used to drive one pixel in 

parallel, if one of the two devices were defective, the ca­

pacitance ratio would change to an extent, that a big dif­
ference in the contrast would occur. Thus, although it 
would be po_ssible to have a certain degree of repair by op­

timizing the driving method, this would be possible for a 

two-value display (expressing only on and off) only but not 
for a grey scale display. Because grey scale display was 

not possible with the prior art, it could not be used for 

the display of television images. 

In contrast to this, if an optimal capacitance ratio is se­
lected as described above, according to the invention it 

will be possible to obtain in a wide temperature range a 

uniform contrast sufficient even for a grey scale display 

independent of whether a pixel is driven by one pair or two 

pairs of non-linear devices. Because of the redundancy in­

volved in providing two pairs of non-linear devices, the 

yield of such electro-optical apparatus can be raised mar­
kedly. 

The foregoing embodiments of the present invention were re­

lated to a liquid crystal display device. However, as men­
tioned before, the invention is not limited to liquid cry­

stal display devices, but can be applied to a variety of 

other liquid crystal devices and other electro-optical 

apparatus. 
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CLAIMS 

1. Electro-optical apparatus including at least one 

pixel electrode (5) and a driving device (Sl, 82) having a 
non-linear current-voltage characteristic for driving said 
pixel electrode (5), said driving device comprising on a 

substrate (1) a first conductor (2), an insulator (3) and a 
second conductor (8, 4) arranged in this order one upon the 

other, characterized in that at least one pair-comprising 

two such driving devices connected electrically in series, 

is connected between said pixel electrode (5) and a drive 

line (9) 

2. The electro-optical apparatus according to claim 
1, wherein a plurality of pairs of series connected driving 

devices are connected in parallel to each other between 

said pixel electrode (5) and said drive line (9). 

3. The electro-optical apparatus according to claim 1 

or 2 wherein the two driving devices of each pair have one 

(2) of said first and second conductors (2, 8, 4) and said 
insulator (3) in common. 
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