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(54) [Title of the Invention] Display Element
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[Claim 1]

A display element comprising: a lower wiring layer disposed at a predetermined
position on a substrate; an insulating layer formed over the substrate and the
lower wiring layer; an upper wiring layer formed by sputtering on the insulating
layer, a portion of the upper wiring layer intersecting with the lower wiring layer;
wherein: the intersecting portion of the lower wiring layer includes a first region
aligned parallel to a traveling direction of the substrate during sputtering of the
upper wiring layer, and a second region aligned orthogonal to said traveling
direction; protrusions are provided on both sides of the first region of the lower
wiring layer, said protrusions extending in a direction orthogonal to the traveling
direction of the substrate during sputtering of the upper wiring layer; projections
are provided on both sides of the second region of the lower wiring layer, said
projections extending in a direction parallel to the traveling direction of the
substrate during sputtering of the upper wiring layer;
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wherein: the protrusions and the insulating layer formed thereon define
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stepped surfaces in multiple directions; and at least one of said stepped surfaces

permits sputtered particles to be incident at a low angle, thereby forming a

stepped structure.
[Detailed Description of the Invention]
[Field of the Invention]

The present invention relates to a display device, and more specifically to a
display element embodied as a microelectronics product utilizing thin-film

wiring formed on a substrate through thin-film fabrication techniques.
[Background Art]

In microelectronics products such as integrated circuits (ICs), multilayer wiring
structures are widely employed within IC chips to achieve high circuit density.

In recent years, flat panel displays have received considerable attention. In such
displays, light-emitting pixels are activated by applying voltage across electrodes
arranged along the X-axis and Y-axis. In liquid crystal displays, the liquid crystal
associated with each pixel is driven by application of voltage through these

orthogonally arranged electrodes.

Ex-1027



(2)

A pixel is activated only when both electrodes corresponding to that pixel are
simultaneously driven. This driving method is generally referred to as a matrix
driving scheme. Electronic displays have been extensively described in the
literature. (Reference may be made, for example, to the special feature on
electronic displays in the February 1982 issue of the journal Electronic Materials.)
The aforementioned wiring is generally formed in a planar configuration on a flat
substrate. When two types of signal wiring systems are formed on the same
substrate as described above, these two wiring systems typically intersect with
each other through an insulating layer.
Figure 2(a) illustrates a cross-sectional structure of such a wiring intersection. 10
Referring to this figure, the conventional thin-film wiring intersection exhibits
several problems.
Wiring 1 extends in a direction perpendicular to the plane of the paper, while
wiring 2 crosses over wiring 1 via insulating layer 3. Accordingly, insulating layer 3
is formed over both substrate 4 and wiring 1, and wiring 2 is disposed such that a
portion intersects with wiring 1. In the example of thin-film wiring shown here,
typical dimensions are assumed: wiring layers 1 and 2 each have a thickness of
approximately 1 um, and insulating layer 3 likewise has a thickness of
approximately 1 um. Various methods may be employed to form these layers.
Wiring layers 1 and 2 are generally metallic and are commonly formed by 20
sputtering. Insulating layer 3 may be, for example, a silicon nitride (SiN) film
formed by plasma chemical vapor deposition (plasma CVD). As shown in the
figure, when insulating layer 3 is formed over wiring 1, the step produced by wiring
1 creates a notch 5 at the corner between wiring 1 and substrate 4. The degree of
this notch may vary, but such a configuration is generally referred to as an
“overhang.”
Since wiring 2 is further formed over the overhang of insulating layer 3, the
overhang of wiring layer 2 becomes even more pronounced. If manufacturing
conditions are not properly controlled, defects such as disconnection may occur at
the notch portion of wiring layer 2. 30
Even where disconnection does not occur, product reliability may be substantially
reduced. Defects due to disconnection at stepped portions of wiring layers are a
well-known issue in IC manufacturing technology and have been extensively
studied. For example, reference may be made to: Ryan, D. Douse, L. Hahn, M.
Luciano, “The Effect of Temperature on Topology Related Defect Formation in
Evaporated Aluminum Based Thin Films,” Proceedings of the 1985 International
Conference on Metallurgical Coatings, Los Angeles.
Various methods have been attempted to address the above-mentioned problems.
Figure 2(b) illustrates a cross-sectional structure in which insulating layer 3 is
replaced by an organic material 3’ applied by spin coating. While this configuration ao
resolves formal structural issues, it nevertheless suffers from insufficient
mechanical strength and high moisture absorption, rendering the wiring
susceptible to corrosion. Accordingly, numerous problems remain unresolved.
5
substrate 101). Reference numeral 104 denotes the sputtering target, which is
the deposition source material. Plasma ring 105 is generated in front of
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For example, in multilayer wiring structures employing polyimide as the
interlayer insulating film, reference may be made to: T. Nishida, K. Mukai, T.
Inaba, T. Kato, I. Tezuka, N. Horie, “Moisture Resistance of Polyimide Multilevel
Interconnect LSIs,” 23rd Annual Proceedings of Reliability Physics, 1985.

For this reason, organic insulating films cannot be employed in display
substrates.

As described above, while multilayer wiring technologies are being actively
developed for display substrates, the problem of disconnection at wiring
intersections remains a significant issue.

One method for planarizing interlayer insulating films using inorganic materials
is the bias sputtering method with quartz (SiO,). In this method, quartz is
deposited on the substrate by sputtering while a high-frequency voltage is
simultaneously applied to the substrate side, thereby sputtering away a portion
of the deposited quartz.

By this method, protrusions and elevated regions are preferentially sputtered,
permitting the formation of an almost planar quartz film. Numerous publications
have also reported on this method. For example, reference may be made to: 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, A2(2), April-June 1984, pp. 237—-.

However, this method exhibits serious drawbacks in productivity, as the
deposition rate is extremely low (100-200 A/min). In addition, because
sputtering occurs on the substrate side, the substrate temperature rises
considerably, rendering it unsuitable for use with inexpensive glass substrates.
Another method for preventing disconnection at stepped portions is to make
the step as gradual as possible. However, this approach causes the width of the
stepped region to increase, which runs counter to the trend toward finer
patterning. Moreover, it requires setting and controlling etching conditions
specific to the material, and throughput is low, making it unsuitable for mass
production.

[Problem to be Solved by the Invention]

The object of the present invention is to provide a display element capable of
improving the reliability of wiring at thin-film wiring intersections.

In general, when forming thin-film wiring by sputtering, the deposition
characteristics at stepped portions exhibit directionality, and depending on the
wiring pattern at the step, disconnection is likely to occur.

Figure 3 illustrates the essential configuration of a sputtering apparatus
commonly used for thin-film formation on relatively large panels (substrates),
such as liquid crystal display panels. Based on this figure, the deposition
characteristics of the sputtering method will be described.

In Figure 3(A), substrate 101 is conveyed on pallet 102 within the sputtering
apparatus. Arrow 103 indicates the traveling direction of pallet 102 (and

6
surface 111’, which faces toward the near end of substrate 101, receives almost no
sputtered particles at shallow incidence angles.
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sputtering target 104, and argon ions within this plasma are accelerated toward
the surface of sputtering target 104 by a high electric field region, striking the
target and causing the constituent material of sputtering target 104 to be
scattered and deposited as a thin film on substrate 101.

As shown in Figure 3(B), pallet 102 initially starts from position 105 in the figure,
then proceeds through positions 106 and 107, thereby completing deposition of
a film having the prescribed thickness. As a result, the film formed on substrate
101 exhibits a highly uniform thickness distribution and particle incidence history
along the substrate traveling direction.

Figure 4 illustrates the coverage characteristics of the deposited film at step
portions on the substrate. In Figure 4(a), the relationship between traveling
direction 103 and step portion 108 is shown. Step portion 108, which includes
the lower wiring film (and insulating film), is oriented perpendicular to traveling
direction 103. The surfaces forming step portion 108, namely surfaces 109 and
110, face traveling direction 103 and reverse direction 103’, respectively. As
pallet 102 moves from position 105 to positions 106 and 107, as shown in Figure
3(B), sputtered particles begin to impinge upon surface 109 at a shallow angle
relative to substrate 101. At position 107, substantially no deposition occurs on
surface 109. Surface 110 receives sputtered particles in the reverse sequence
relative to surface 109, likewise at a shallow angle. Accordingly, as shown in
Figure 4(b), the coverage characteristics of the step-forming surfaces oriented
perpendicular to the traveling direction of substrate 101 result in a nearly
symmetrical deposition profile on both sides of step portion 108.

Up to this point, film deposition has been described along the traveling
direction of substrate 101. Next, deposition characteristics in the direction
perpendicular to the traveling direction will be considered.

Figure 5, similar to Figure 4, illustrates the positional relationship between
substrate 101 and sputtering target 104. In this case, the traveling direction of
pallet 102 is perpendicular to the plane of the page. Again, a step formed on
substrate 101 is considered. In this instance, the step is aligned with the travelingso
direction of pallet 102, as shown in Figure 4(a), and the surface forming the step
faces a direction perpendicular to the traveling direction of pallet 102
(hereinafter referred to as direction 114). As shown in Figure 5, three positions—
111, 112, and 113—are defined along direction 114 (i.e., perpendicular to the
traveling direction), corresponding respectively to the near end, central portion,
and far end of substrate 101. Deposition onto step portions at these positions is
examined, where the step-forming surfaces are oriented perpendicular to
traveling direction 103 of pallet 102. At position 112, sputtered particles arrive
equally from both ends of sputtering target 104, producing symmetrical coverage
characteristics on both sides of the step, as illustrated in Figure 6(a). At position ao
111, however, step-forming

10
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Accordingly, the coverage characteristics of the step at position 111 correspond ﬂm
those shown in Figure 6(b). With respect to the step portion at position 113 of
substrate 101 in Figure 5, its coverage characteristics are the reverse of those at o_
position 111, and therefore detailed explanation is omitted here. -
From Figures 6(b) and 6(c), it can be understood that, for step-forming surfaces &
oriented perpendicular to traveling direction 103 of substrate 101, when such stegs
are located near the edge of substrate 101, coverage by sputtered particles c
becomes poor, frequently resulting in disconnection defects. To avoid such ©
disconnection defects, it has been conventional practice to employ sputtering ¢
target 104 of sufficiently large size, even in deposition methods where the targetis
oriented perpendicular to traveling direction 103 of substrate 101. However, thisj}|
conventional approach entails enlargement of the sputtering apparatus, or @)
alternatively requires reduction in substrate size or reduction in the number of m
substrates processed—none of which provide ideal solutions.

[Objective of the Invention]

The purpose of the present invention is to improve the deterioration in sputtered
particle coverage characteristics at the edge portions of the substrate, which results
in disconnection defects at step portions formed in wiring intersections. The
invention seeks to provide a technique for forming wiring that uniformly covers
step portions across the entire substrate without dropout. At the same time, by
improving coverage characteristics, the invention aims to increase the process
margin in the manufacture of display elements and to enhance product reliability
[Means for Solving the Problem] o
The above objective is achieved by a display element comprising: a lower wiring ©
film provided at a predetermined position on a substrate, an insulating film 83@
over the substrate and the lower wiring film, and an upper wiring film formed by
sputtering on the insulating film, such that a portion intersects with the lower
wiring film. The portion of the lower wiring film intersecting with the upper wiring
film includes: a first region arranged parallel to the substrate traveling direction
during sputtering of the upper wiring film, and a second region arranged
perpendicular to the substrate traveling direction. On both sides of the first region
of the lower wiring film, projections are formed extending in a direction
perpendicular to the substrate traveling direction during sputtering of the upper
wiring film. On both sides of the second region of the lower wiring film, projections
are formed extending parallel to the substrate traveling direction. These
projections, together with the insulating film formed thereon, define stepped
surfaces in multiple directions, wherein at least one of said stepped surfaces allows
sputtered particles to be incident at a shallow angle, thereby forming a step portion
with improved coverage characteristics.

8
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According to the present invention, a pattern is provided in which step-forming

Figure 8(a) shows the cross-section along line A—A’ of Figure 1. In this figure, since
surfaces are oriented in multiple directions, and at least one of such surfaces is

the surface forming the step cut by A—A’ in Figure 1 faces the pallet traveling
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configured to allow sputtered particles to be incident at a shallow angle. In this
manner, the objectives of the invention described above are realized.

That is, as described in the section on problems with conventional technology,
during sputtering deposition of the upper wiring layer, the step portion formed by
the lower wiring layer and the insulating layer deposited thereon exhibits favorable
coverage characteristics on the surface facing the pallet traveling direction, owing to
symmetrical particle incidence. Consequently, disconnection of the upper wiring
layer can be prevented.

[Embodiments of this invention]

An embodiment of the present invention will now be described with reference to 10
Figures 1 and 7 through 9.

Figure 7 illustrates a state in which lower wiring layer 701 is formed on substrate
101. In this configuration, protrusions 701’ are provided on both sides of the
intersection region of lower wiring layer 701 and the upper wiring layer 703 to be
subsequently formed. Specifically, lower wiring layer 701 in Figure 7 is disposed
vertically and horizontally on substrate 101, and its intermediate portion intersects
with upper wiring layer 703 as shown in Figure 1. That is, the portion of lower wiring
layer 701 intersecting with upper wiring layer 703 includes a first section 701a
aligned parallel to pallet traveling direction 103 during sputtering, and a second 20
section 701b aligned perpendicular to said direction. Protrusions 701’ are formed on
both sides of first section 701a, extending in a direction perpendicular to traveling
direction 103. Similarly, protrusions 701’ are formed on both sides of second section
701b, extending parallel to traveling direction 103. These protrusions 701’, together
with insulating layer 702 formed on lower wiring layer 701, define step-forming
surfaces oriented in multiple directions. Accordingly, when upper wiring layer 703 is
subsequently deposited by sputtering, at least one of said step-forming surfaces
receives sputtered particles at a shallow angle, thereby achieving favorable coverage
characteristics.

After forming lower wiring layer 701 as described above, insulating layer 702 was 3o
deposited, as shown in Figures 8(a) through 8(d). For lower wiring layer 701,
chromium was employed. The film thickness was 300 nm. Insulating layer 702 was
formed by a plasma CVD method using a silicon nitride (SiN) film. The thickness of
insulating layer 702 was likewise 300 nm. The width of lower wiring layer 701 was 12
pum, and protrusions 701a and 701b each had a length of 6 um and a width of 6 um.
Insulating layer 702 was deposited over the substrate and lower wiring layer 701,
conforming to the shape of lower wiring layer 701 including its protrusions.
Subsequently, upper wiring layer 703 was formed by sputtering so as to pass directly
over protrusions 701’ of insulating layer 702. Upper wiring layer 703 was also
formed of chromium, having a thickness of 300 nm and a width of 12 um. 40

9
In conventional technology, the number of defects does not reach zero unless the
aluminum film thickness exceeds 200 nm. In contrast, with the technique of the
present invention, the defect count reaches zero beginning at a thickness of 100
nm.
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direction 103, the coverage characteristics of sputtered particles are favorable, a
upper wiring film 703 assumes a symmetrical profile.
However, with respect to the step-forming surfaces shown in Figure 8(b), the
coverage characteristics of sputtered particles are not favorable. Figure 8(b)
corresponds to the cross-sections along lines B—B’ and C—C’ of Figure 1.
Figure 8(c) shows the cross-section along line D-D’ of Figure 1. In this case, the
step-forming surface cut by D—D’ is oriented perpendicular to the traveling directign
103, and thus the symmetry of the coverage characteristics of sputtered particlesds
poor. Conversely, as shown in Figure 8(d), with respect to the step-forming surfaéés
cut by lines E-E’ and F—F’ of Figure 1, the coverage characteristics exhibit good =
symmetry. w
As described above, protrusions 701’ are provided at each intersection betweerD
lower wiring layer 701 and upper wiring layer 703. These protrusions 701’, togethar
with insulating layer 702 deposited thereon, form step portions having multi-
directional surfaces. After formation of these step portions, upper wiring layer 703
is deposited by sputtering. In the region where upper wiring layer 703 intersects
first portion 701a of lower wiring layer 701, sputtered particle coverage is poor at
the cross-sectional area perpendicular to pallet travel direction 103, as shown in
Figure 8(b). However, as shown in Figure 8(a), favorable symmetrical coverage is
obtained at the cross-sectional area parallel to travel direction 103. Likewise, in the
region where upper wiring layer 703 intersects second portion 701b of lower wiring
layer 701, coverage is poor at the cross-sectional area perpendicular to travel |4
direction 103, as shown in Figure 8(c). Yet, as shown in Figure 8(d), favorable ©
symmetrical coverage is obtained at the cross-sectional area parallel to travel ©
direction 103. Accordingly, in the regions where upper wiring layer 703 _:.ﬁm_‘mmnﬁ%
step portions formed by lower wiring layer 701 and insulating layer 702, at least
one of the cross-sectional areas exhibits favorable sputtered particle coverage
characteristics. Thus, disconnection failures in upper wiring layer 703 at the step
portions can be reliably prevented. Figure 9 illustrates the effect of the present
invention. In this figure, the vertical axis represents the number of disconnection
failures per 1,000 aluminum upper wiring lines, and the horizontal axis represents
the thickness of the upper wiring layer.
The test pattern comprises 500 step portions oriented in mutually orthogonal
directions, as shown in Figures 1 and 7. Curve 91 represents the number of failures
when fabricated by conventional techniques, whereas curve 92 represents the
number of failures when fabricated by the technique of the present invention. In
this experiment, the steps were formed in a silicon oxide film, having a height of 0.6
pm and a rise angle of approximately 80°. The pitch between steps was 100 um, the
wiring width was 12 um, and the spacing between steps (excluding protrusions)
was 70 um. The protrusions measured 6 um x 6 um.

sung IPR2825-01477

10
direction of sputtered particles in a typical sputtering apparatus.
Figures 6(a), 6(b), and 6(c) are explanatory cross-sectional views showing films
deposited by sputtered particles on respective step portions of a wiring film
intersection on a substrate as illustrated in Figure 5.
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These experimental results demonstrate that, by providing multiple step-forming
surfaces having differing orientations, the present invention enables effective
deposition of sputtered particles even at shallow angles, thereby achieving highly
reliable wiring films. In this embodiment, directional variation of the step-forming
surfaces was implemented using the protrusion pattern 701’ shown in Figure 7.
However, an inverted concave pattern may also be adopted. In either case, the
technical concept of the present invention resides in forming step surfaces with
differing orientations within the step portion.

[Effect of the Invention]

As described above, according to the present invention, protrusions are formed on 10
both sides of the first portion of the lower wiring layer in a direction perpendicular
to the substrate’s travel direction during sputtering of the upper wiring layer.
Likewise, protrusions are formed on both sides of the second portion of the lower
wiring layer in a direction parallel to the substrate’s travel direction. These
protrusions, together with the insulating layer formed thereon, define step
surfaces in multiple directions. At least one of these surfaces is oriented such that
sputtered particles are incident at a shallow angle, thereby forming a step portion
with favorable coverage characteristics.

Consequently, the surface of the step portion facing the pallet travel direction
exhibits symmetrical coverage, preventing disconnection of the upper wiring layer 20
and improving overall reliability.

[Brief Description of the Drawings]

Figure 1 is a plan view illustrating a principal portion of one embodiment of the
present invention.

Figure 2(A) is an explanatory cross-sectional view of a wiring film intersection
according to conventional technology, and Figure 2(B) is an explanatory cross-
sectional view of another wiring film intersection according to conventional
technology.

Figures 3(A) and 3(B) are explanatory diagrams showing the positional relationship
between a sputtering target, a deposition substrate, and a pallet carrying said 30
substrate in a typical sputtering apparatus.

Figure 4(a) is an explanatory diagram showing the positional and directional
relationship between a sputtering target, a deposition substrate, and a step
portion on said substrate in a typical sputtering apparatus; Figure 4(b) is an
explanatory cross-sectional view of a film deposited on a step portion of a wiring
film intersection according to conventional technology.

Figure 5 is an explanatory diagram showing the positional relationship between a
sputtering target, a deposition substrate, and a step portion on said substrate, as
well as the relationship between the pallet’s direction of movement and the

direction perpendicular thereto, and the incidence 40
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Figure 7 is an explanatory plan view of a lower wiring layer in one embodiment om
the present invention.

Figure 8(a) is a cross-sectional view along line A—A’ in Figure 1. Figure 8(b) is a Crss-
sectional view corresponding to lines B-B’ and C—C' in Figure 1.

Figure 8(c) is a cross-sectional view along line D-D' in Figure 1. Figure 8(d) is a croR-
sectional view corresponding to lines E-E’ and F—F' in Figure 1.

Figure 9 is an explanatory graph showing the relationship between the film
thickness of the upper wiring layer and the number of disconnection defects at
pseudo wiring intersection step portions in an embodiment of the present
invention.

4, 101 ... Substrate

1, 108, 701 ... Lower wiring layer

3, 702 ... Interlayer insulating film

3’ ... Organic interlayer insulating film

2,703 ... Upper wiring layer

5 ... Disconnection defect location at the step portion of the upper wiring layer
91 ... Curve representing the number of non-conductive upper wiring lines per
1,000 lines in conventional technology

92 ... Curve representing the number of defects in upper wiring lines fabricated
using the technique of the present invention

104 ... Sputtering target

102 ... Pallet for carrying the substrate

103 ... Pallet travel direction

105 ... Plasma ring

106, 107 ... Pallet positions at certain times during film formation

108 ... wﬁm_o portion facing the direction perpendicular to the pallet travel a_qmﬁ._o:
109, 110 ... Surfaces forming steps facing the direction perpendicular to the pallet
travel direction

111,112,113 ... Step portions facing the pallet travel direction

114 ... Direction perpendicular to the pallet travel direction

111’ ... Surface forming the step at step portion 111 facing the pallet travel direction
113’ ... Surface forming the step at step portion 113 facing the pallet travel direction
701’ ... Protrusion

701a ... First portion

701b ... Second portion
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[Figure 1] [Figure 2]
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[Figure 3] [Figure 6]
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[Figure 9]
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