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(54) [Title of the Invention] Display Element 
 
[Claims] 
[Claim 1] A display element comprising a 
substrate, a transistor for driving a pixel 
electrode on the substrate, two intersecting 
signal wiring films connected to the transistor, 
and a data signal wiring film,  
the display element characterized in that the 
thickness of the wiring films located on the 
substrate side at the intersection of the two 
signal wiring films is reduced relative to the 
thickness of the same wiring films at other 
locations. 
[Detailed Description of the Invention] (Field of 
Industrial Applicability) 
The present invention relates to a display device, 
and more specifically to a display device that 
can be realized as a so-called microelectronics 

product utilizing thin-film wiring produced using 
a thin-film technique on a substrate. The 
present invention is able to provide a means for 
realizing a planar display with highly reliably 
thin-film wiring. 
(Prior Art) 
In microelectronics products such as ICs, 
multiple layers of wiring are stacked inside an 
IC chip to realize high circuit density. In recent 
noteworthy flat panel displays, a matrix drive 
method is generally used that involves 
arranging electrodes along the X-axis and Y-axis 
to emit light from pixels. In the case of liquid 
crystal displays, these electrodes drive the 
liquid crystal corresponding to each pixel. The 
pixel only emits light when both electrodes are 
simultaneously driven. Numerous explanatory 
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(2)  Display Element 

documents exist regarding electronic displays 
(see, for example, the special feature on 
electronic displays in the February 1982 issue of 
Electronic Materials). 
The wiring described above is generally formed 
planarly on a flat substrate. When two types of 
signal wiring systems are formed on the same 
substrate as described above, these two types 
of wiring intersect and are separated via an 
insulating film. FIG. 2 (a) shows the cross-
sectional structure at this wiring intersection. 
The problems associated with thin-film wiring 
intersections of the prior art will now be 
described using this figure. 
Wiring 1 runs perpendicular to the plane of the 
page, while wiring 2 crosses over wiring 1 via 
insulating film 3. In the thin-film wiring example 
described here, wiring films 1 and 2 each have 
a typical thickness of 1 μm, and the insulating 
film 3 also has a thickness of 1 μm. Various 
methods can be used to form these films. Wiring 
films 1 and 2 are typically metal films formed 
using sputtering. For example, a SiN film formed 
by plasma CVD can be used as insulating film 3. 
As shown in the figure, forming the insulating 
film 3 over the wiring 1 creates a notch 5, to a 
greater or lesser degree, corresponding to the 
corner formed by wiring 1 and the substrate 4 
due to a step in wiring 1. This shape is generally 
referred to as an overhang. Since the wiring film 
2 is formed over the overhang of the insulating 
film 3, the overhang of the wiring film 2 
becomes even more pronounced. Under 
unfavorable manufacturing conditions, this can 
lead to defects, ultimately resulting in breaks in 
the notched portion of the wiring film 2. Even if 
breaks do not occur, the reliability of the product 
as a whole is significantly reduced. Research on 
disconnection defects in step regions of wiring 
films has been conducted, in particular, in IC 
manufacturing techniques. [see, for example, 
The Effect of Temperature on Topology Related 
Defect Formation in Evaporated Aluminum 
Based Thin Film by J. Ryan, D. Douse, L. Hahn, 
M. Luciano (Proceedings of the 1985
International Conference on Metallurgical
Coatings, Los Angeles)].
Various methods have been attempted to
resolve these issues. FIG. 2 (b) shows a cross-
sectional structure in which the insulating film 3
is replaced with an organic material 3′ that can
be spin-coated. While this resolves shape-
related issues, it still faces various problems,
such as insufficient mechanical strength and
high moisture absorption, which makes wiring
corrosion more likely. [For multilayer wiring
using polyimide as the organic interlayer
insulating film, see, for example, T. Nishida, K.
Mukai, T. Inada, T. Kato, I. Tezuka, N. Horie,

Moisture Resistance of Polyimide Multilevel 
Interconnect LSIs (23rd Annual Proceedings of 
Reliability Physics 1985).] In display substrates 
using thin-film transistors, the insulating film 
between these two wiring films is often 
configured to directly utilize the gate insulating 
film of a thin-film transistor. Thin materials with 
a high wiring withstand voltage are used as gate 
insulating films for transistor performance 
reasons. Consequently, organic insulating films 
cannot be used in display substrates. 
Multilayer wiring technology is being actively 
developed for display substrates as described 
above, but the problem of step disconnections 
at wiring intersections remains a significant 
challenge. 
One method for planarizing interlayer insulating 
films using inorganic materials is the biased 
sputtering method for quartz (SiO2). This 
method involves depositing quartz onto a 
substrate using sputtering while simultaneously 
applying a high-frequency voltage on the 
substrate side. This causes a portion of the 
quartz deposited on the substrate side to be 
removed by the sputtering. This method makes 
it possible to form a nearly flat quartz film 
because protrusions are preferentially subjected 
to sputtering. Numerous publications exist on 
this method. (See, for example, A. Mumtaz, I. 
Drapkin, R. Mathew, Radio Frequency 
Magnetron Sputtering of Radio Frequency 
Biased Quartz on a Scanning Pallet, Journal of 
Vacuum Science and Technology, Az (2), April-
June 1984, pp. 237 ff.). However, this method 
suffers from a significant productivity issue due 
to its extremely low deposition rate (100-200 
Å/min). Also, because sputtering occurs on the 
substrate side, the substrate temperature rises 
significantly, preventing the use of inexpensive 
glass substrates. 
(Problem to Be Solved by the Invention) 
It is an object of the present invention to 
provide a display element that realizes 
improved reliability at thin film wiring 
intersections. Basically, the present invention 
reduces the height of the step that must be 
overcome. From a manufacturing perspective, 
an object of the present invention is to improve 
reliability without making the process 
unnecessarily complicated. 
(Means for Solving the Problem) 
These objects are realized by a display element 
comprising a substrate, a transistor for driving 
a pixel electrode on the substrate, two 
intersecting signal wiring films connected to the 
transistor, and a data signal wiring film, wherein 
the thickness of the wiring films located on the 
substrate side at the intersection of the two 
signal wiring films is reduced relative to the 
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(3)  Display Element 

thickness of the same wiring films at other 
locations. 
(Operation) 
In the present invention, by reducing the 
thickness of the wiring, that is, wiring film, 
running through the intersections on the 
substrate side, the height that the upper wiring 
must overcome is reduced, overhangs in the 
upper wiring film are reduced, and notches in 
step portions are reduced in size, thereby 
significantly improving wiring reliability. 
Specifically, in the present invention, the wiring 
located on the lower side has a double-layer 
structure, and if one of the wiring layers 
becomes disconnected, a connection can be 
maintained via the other layer. However, the 
wiring height is larger due to the double wiring, 
making the upper wiring more susceptible to 
breakage. The height of the lower wiring can be 
immediately reduced by the film thickness at 
the intersections between wires, as this wiring 
is formed in two photolithography steps. At this 
intersection, the redundancy provided by the 
lower wiring redundancy may become lost. 
However, the length of the intersection is far 
smaller compared to the total length of the 
lower wiring, so redundancy is not lost. 
(Examples) 
The present invention will now be described in 
detail with reference to the drawings. 
FIG. 3 shows the method for manufacturing a 
wiring structure in the first embodiment of the 
present invention. In FIG. 3 (a), the first layer 
of wiring film 31 is formed using the 
conventional photolithographic techniques of 
applying a photoresist, followed by exposure 
and development. Next, a second etching step 
is performed involving applying another 
photoresist, followed by exposure and 
development, to reduce the thickness of the first 
layer of wiring film 31 only at the location 
corresponding to the intersection with the upper 
wiring. The photoresist 32 is removed over an 
area slightly wider than the intersection portion 
with the upper wiring. If wet etching with an 
etchant solution were performed at this stage, 
etching would proceed laterally into the wiring 
film, reducing the line width of the first layer 
wiring film 31. Therefore, reactive ion etching 
(RIE), which enables directional etching 
(etching progresses perpendicular to the 
substrate), is used for etching. 
FIG. 3 (b) shows the state after reactive ion 
etching has been performed with the 
photoresist in FIG. 3 (a) serving as a mask, 
followed by photoresist stripping. Only the 
wiring thickness at the intersection and its 
surroundings is reduced. 

FIG. 3 (c) and FIG. 3 (d) show the cross-
sectional structure when an interlayer insulating 
film 33 has been formed on the state shown in 
FIG. 3 (b). FIG. 3 (c) shows the cross-sectional 
structure of the segment indicated by C-C′ in 
FIG. 3 (b), and FIG. 3 (d) shows the cross-
sectional structure of the segment indicated by 
D-D′. The upper wiring film 34 extends over the
segment C-C' via the interlayer insulating film
33.
FIG. 3 (e) shows the cross-sectional structure
when a second layer of wiring film 34 has been
formed on the state shown in FIG. 3 (c). FIG. 3
(e) shows the cross-sectional structure of the
segment indicated by C-C′ in FIG. 3 (b), in
which the wiring film 34 extends over the wiring
film 31 by penetrating the insulating film 34.
FIG. 4 is not an example of the present
invention, and shows the cross-sectional
structure at the intersection of the first and
second wiring films 31', 34' when the second
wiring film 34' is formed without reducing the
film thickness of the first wiring film 31' as
described above. It demonstrates that the effect
of the present invention is significant.
Specifically, in the example of the prior art
shown in FIG. 4, the large thickness of the first
layer wiring film 31′ causes an overhang on the
second layer wiring film 34′, significantly
compromising the reliability of the second layer
wiring film as a wiring film. In contrast, the
example of the present invention shows that no
excessive overhang occurs in the second layer
wiring 34, thereby ensuring high reliability.
FIG. 1 shows the structure at the intersection of
the first and second layer wiring films 51, 52 in
a second example of the present invention. In
this second example, the first layer wiring film
51 is further composed of two films 511, 512.
The method used to form each film 511, 512 can
be the method described in FIG. 3 (a). Here, the
etching process used to form film 512 should be
noted. If films 511 and 512 are formed from the
same material, etching film 512 will cause film
511 to dissolve again in portions not covered by
film 512.
The first layer wiring film 51 is made with a
multilayer film structure because the wiring film
may become broken during the photoresist step
for film 511 for some reason (such as foreign
matter). Adding another wiring film layer
prevents this breakage defect. This is because
breaks caused by foreign matter occur at
completely irregular locations, and it is highly
unlikely that breaks would occur at the same
location in both films 511 and 512.
Therefore, film 511 must have an etching rate
significantly lower than that of film 512 when
exposed to the etching solution or etching gas
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(4)  Display Element 

used for film 512. The inventors of the present 
invention were able to form the first layer wiring 
film 51, which is a two-layer stacked film, by 
using chromium for film 511 and molybdenum 
for film 512. 
Although the first wiring film 51 is described 
here as a two-layer stacked film, the present 
invention also encompasses three-layer or four-
layer stacked film, provided the film thickness 
as wiring film can be reduced by decreasing the 
number of layers using this stacked film 
structure. 
As shown in FIG. 1, the thickness of the first 
layer wiring 51 is reduced by removing film 511 
only at the wiring intersection. This lowers the 
physical height that the second layer wiring film 
must overcome at the intersection, thereby 
reducing the step height and improving wiring 
reliability. 
(Effects of the Invention) 
The present invention is able to reduce step 
discontinuities in the stepped portions of 
intersecting wiring. FIG. 5 shows the effect of 
the present invention in a comparison of a 
specific example of the present invention to an 
example of the prior art. The horizontal axis 61 
represents the thickness (in microns) of the 
upper wiring film, while the vertical axis 62 
indicates the number of disconnected lines per 
1,000 upper wiring lines in the step portion. 
Aluminum was used as the material for the 
upper wiring film. The thickness of the upper 
wiring film was 300 nm. The total thickness of 
the lower wiring was 320 nm. The first layer of 
the lower wiring used chromium and had a 
thickness of 160 nm. The second layer of the 
bottom wiring used molybdenum and had a 
thickness of 160 nm. The interlayer insulating 
film had a thickness of 300 nm. 
Curves 63 and 64 represent the number of 
defective lines in the upper wiring with steps 
formed by the prior art and the technique of the 
present invention, respectively. In the prior art, 
breakage defects cannot be eliminated unless 
the second layer wiring film thickness is 200 nm 
or greater, whereas in the technique of the 

present invention, breakage defects are reduced 
to zero from a film thickness of 50 nm or greater. 
These experimental results demonstrate that 
the technique of the present invention enables 
sufficient step coverage even when the film 
thickness is small, due to the low height of the 
step portion. 
[Brief Description of the Drawings]  
FIG. 1 shows the configuration of the present 
invention, specifically the second embodiment 
of the present invention. 
FIG. 2 (A) shows the cross-sectional structure 
of a wiring film intersection using the prior art. 
FIG. 2 (B) shows a cross-sectional structure of 
a wiring film intersection using the prior art. 
FIG. 3 (A) shows the manufacturing method for 
the first embodiment of the present invention. 
FIG. 3 (B) shows the manufacturing method for 
the first embodiment of the present invention. 
FIG. 3 (C) shows the manufacturing method for 
the first embodiment of the present invention. 
FIG. 3 (D) shows the manufacturing method of 
the first embodiment of the present invention. 
FIG. 3 (E) shows the first embodiment of the 
present invention. 
FIG. 4 shows a cross-sectional structure of a 
wiring film intersection according to the prior art. 
FIG. 5 is a graph showing the relationship 
between the thickness of the upper wiring film 
at the wiring film intersection and the number 
of disconnection defects in the second 
embodiment of the present invention. 
4: Substrate 
1, 31, 31', 51: Lower wiring film 
511: First layer of the lower wiring film 
512: Second layer of the lower wiring film 
3, 33, 33', 53: Interlayer insulating film 
3': Organic interlayer insulating film 
2, 34, 34', 52: Upper wiring film 
5: Disconnection defect site at the step edge of 
the upper wiring 
32: Photoresist 
62: Vertical axis representing the number of 
non-conductive wiring lines per 1000 
63: Horizontal axis indicating upper wiring film 
thickness 
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