
 

 

[Translation Company Letterhead] 

 

Date : 28/08/2025 

Translator’s Declaration 

 

I, [Chinari Uehara], hereby declare: 

That I possess advanced knowledge of the [Japanese] and English languages. The attached 

[Japanese] into English translation has been translated by me and to the best of my knowledge and 

belief, it is a true and accurate translation of: [JP1984029441A (1) and JP1990138739A.pdf]. 

I declare that all statements made herein of my knowledge are true, and that all statements made 

on information and belief are believed to be true. I further declare that these statements were made 

with the knowledge that willfully false statements and the like are punishable by fine or 

imprisonment or both, under Section 1001 of Title 18 of the United States Code. 

In signing this declaration, I understand that the translation and this declaration may be filed as 

evidence in a contested case. I acknowledge that I may be subject to cross-examination within the 

United States. 

 

 

 

[Chinari Uehara] 

Page 1 BOE v. Samsung IPR2025-01477 
Ex-1028



⑲ Japan Patent Office (JP) ⑪ Patent Application Publication
⑫ Published Patent Gazette (A)  Heisei 2-138739

51Int. Cl.5 Identification Symbol  Internal Office Reference Number  ㊸Published May 28, 1990 
H 01 L 21/3205 J 6824-5F 

21/90  6824-5F H01 L 21/88  K 
Request for Examination Not Requested Number of Claims 2 (Total 12 pages) 

(54) Title of Invention: Method for Manufacturing a Semiconductor Device
㉑Patent Application Heisei 1-100848 

㉒Filed Heisei 1 (1989) April 20  

Priority Claim: ㉜Showa 63 (1988) July 29 ㉝Japan (JP)㉛Patent Application Showa 63-189924 
(72) Inventor: Emi Murakawa Technical Research Headquarters, Kawasaki Steel Corporation 

1 Kawasaki-cho, Chiba City, Chiba Prefecture 
(72) Inventor: Munetaka Oda Technical Research Headquarters, Kawasaki Steel Corporation 

1 Kawasaki-cho, Chiba City, Chiba Prefecture 
(72) Inventor: Nobuyoshi Sato Technical Research Headquarters, Kawasaki Steel Corporation 

1 Kawasaki-cho, Chiba City, Chiba Prefecture 
(71) Applicant Kawasaki Steel Corporation 1-1-28 Kitahonmachi-dori, Chuo-ku, Kobe City, Hyogo Prefecture
(74) Agent Patent Attorney Satoshi Takaya and 2 others

Detailed Description

Specification 
1. Title of the Invention
Method for Manufacturing a Semiconductor Device
2. Claims
(1) A method for manufacturing a semiconductor
device with multi-layer wiring, characterized by
comprising:

a step of depositing an insulating film having 
a thickness greater than or equal to the thickness of the 
wiring and less than 1.2 µm onto the wiring formed on 
a predetermined layer of the semiconductor device; 
and 

a step of etching the deposited insulating film 
to a predetermined thickness to form an insulating film 
layer.  
(2) A method for manufacturing a semiconductor
device with multi-layer wiring, characterized by
comprising:

a step of depositing a first insulating film on 
the wiring formed on a predetermined layer of the 
semiconductor device at a temperature of 400°C or 
higher; 

a step of depositing a second insulating film 
on the first ins a step of forming a second insulating 
film on the first insulating film with a thickness greater 
than the step height of the first insulating film and less 
than 1.2 µm, 

and a step of etching the formed insulating film to a 
predetermined thickness to form an insulating film 
layer. 
3. Detailed Description of the Invention
【Field of Industrial Application】
The present invention relates to a method for
manufacturing a semiconductor device, particularly
suitable for use in forming reliable wiring in a
semiconductor device with multi-layer wiring,
preventing open circuits and short circuits.
【Prior Art】
Today, with advances in semiconductor
manufacturing technology and demands for
miniaturization and high-speed response in electronic
control components, semiconductor devices such as
integrated circuits (ICs) are increasingly trending
toward higher integration. Accompanying this trend,
the wiring formed within semiconductor devices to
connect individual elements to each other and to the
outside, along with its configuration (pattern), has
become increasingly miniaturized. Forming this
wiring on a single layer alone has become insufficient
to adequately meet the aforementioned demands for
high integration.
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Conductive devices inherently possess a multilayer 
wiring structure, meaning that multilayering is 
unavoidable. 

Various semiconductor devices with such 
multilayer wiring structures have been manufactured 
conventionally. For example, there are those with a 
CMOS (Complementary Metal-Oxide-Semiconductor) 
transistor structure, as shown in Figure 11. 

In the CMOS transistor structure of Figure 11, 
a MOS transistor 10A, having a source S, a drain D, 
and a gate G, is formed on a substrate 12A, which is a 
base layer (also called a substrate) made of P-type 
silicon (Si). Similarly, another MOS transistor 10B is 
formed on a substrate 12B, which is the base layer 
other than the P-type silicon well region. Furthermore, 
these MOS transistors 10A and 10B are formed on 
substrates 12A and 12B, respectively, at a 
predetermined distance apart and separated by a 
device isolation layer 14. 

The terminals of each MOS transistor 10A 
and 10B, such as the source S and drain D, are 
connected to predetermined connections via first-layer 

wiring 16A and second-layer wiring 16B, respectively. 
These wires 16A and 16B are typically made of 
aluminum (Al). Furthermore, to ensure insulation 
between the device separation film 14, the first layer 
wiring 16A, and the second layer wiring 16B, 
insulating films 18A and 18B (hereinafter, insulating 
film 18B is referred to as the interlayer insulating film), 
primarily composed of silicon dioxide (SiO₂), are 
formed. Furthermore, to prevent oxidation of the 
wiring due to the external atmosphere, a final 
protective film 20 is formed on the outermost layer of 
the second layer wiring 16B or the interlayer 
insulating film 18B. 
Now, when forming wiring in multiple layers, as in the 
CMOS transistor of Figure 11, no problems arise for 
the first layer wiring 16A near the substrates 12A, 12B. 
However, breaks or shorts occurring in the second 
layer wiring 16B or higher formed above it can 
become a major issue affecting yield. 

That is, since the first layer wiring 16A is 
formed on the nearly flat surface of the substrates 12A 
and 12B, no problems occur with this wiring 16A. 

 
However, when a second layer of insulating 

film 18B is formed on wiring 16A, as shown in Figure 
12, at the corners of said wiring 16A, etc., the base 
12A, and 12B, as indicated by reference numeral 22 in 
Figure 12. When attempting to form (butt-weld) a 
second layer wiring 16B on such an overhanging 
interlayer insulating film 18B, as shown in Figure 12, 
a break may occur at the overhanging portion 22 of the 
interlayer insulating film 18B, or, as shown in Figure 
13, when patterning the second layer wiring 16B, 
etching at the location 24 may leave a remaining 
portion, potentially causing a short circuit between 
adjacent second layer wiring 16B. This has been an 
obstacle to improving the yield of semiconductor 
devices. 

Therefore, various methods have been 
devised and adopted to resolve the above-mentioned 
problems and mitigate or eliminate the overhang state 
of the interlayer insulating film occurring at the 
aforementioned step. 

One commonly employed method among these is 
referred to as resist etchback (e.g., Japanese Patent 
Application Publication No. 59-2350). 

Specifically, in this method, as shown in 
Figure 14(A), a photoresist film 30 is first coated and 
formed on the silicon dioxide interlayer insulating film 
28 along the wiring 26, ensuring its surface is 
planarized. In Figure 14, reference numeral 12 denotes 
the substrate. 

Next, the entire surface of the interlayer 
insulating film 28 and the photoresist film 30 is dry-
etched by reactive ion etching (RIE) under conditions 
where their etching rates become equal, as shown in 
Figure 14(B), to planarize the interlayer insulating 
film 28 (this process is called etch-back). After 
removing the photoresist film remaining on the 
insulating film 28 by stripping and washing, silicon 
dioxide is additionally deposited to achieve the target 
thickness of the interlayer insulating film 28, as shown 
in Figure 14(C). 
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However, in the aforementioned method, after 

etching as described, it is necessary to remove the 
photoresist film partially remaining on the insulating 
film 28 and then deposit an additional insulating film on 
that insulating film 28. This results in a complex 
manufacturing process and a prolonged manufacturing 
time. Furthermore, in the aforementioned method, there 
are methods (disclosed in Japanese Patent Application 
Publication No. 58-74043, etc.) that use silanol solutions 
or heat-resistant organic polymers instead of the 
photoresist. However, the interlayer insulating film 
formed by such methods has low electrical performance, 
making it difficult to adopt. 

In contrast, a simpler technique for planarizing 
the insulating film involves depositing the interlayer 
insulating film between the first and second layers to a 
thickness of at least twice the minimum spacing of the 
first layer's wiring, thereby planarizing the insulating 
film surface. Subsequently, an etchback process is 
performed to obtain the interlayer insulating film at the 
target thickness (Japanese Patent Application 
Publication No. 57-14 3846, JP 58-31557, etc.).  

However, when using this method to 
manufacture high-density semiconductor devices such as 
1-megabit (Mbit) dynamic random access memory 
(DRAM) using this method, the thickness of the 
deposited insulating film becomes 2.0 to 2.5 µm or more. 

This imposes a large stress on the silicon wafer substrate, 
causing it to bend, and there was a risk that this stress 
would adversely affect the characteristics of the 
fabricated semiconductor device. 

Furthermore, another technique for planarizing 
the interlayer insulating film in semiconductor devices is 
proposed in Japanese Patent Application Publication No. 
61-206242. This method involves depositing the 
interlayer insulating film using a reduced-pressure 
chemical vapor deposition (reduced-pressure CVD) 
process to achieve a film thickness of 1.2 µm or more, 
followed by etching the interlayer insulating film to the 
desired thickness. 

However, this method resulted in an interlayer 
insulating film with significant thickness variation (in-
plane non-uniformity) across different areas, potentially 
leading to unreliable connections between the first and 
second layer wiring. Furthermore, during the deposition 
of the interlayer insulating film, the aluminum wiring 
was exposed to high temperatures of approximately 
400°C or higher for an extended period. This caused 
protrusions (hirotsuku) to grow on the surface of the 
aluminum wiring. These hirosuku could reduce the 
breakdown voltage performance of the interlayer 
insulating film and also risk causing electrical leakage 
between the lower aluminum wiring and the upper 
aluminum wiring  

. 
As described above, conventional 

semiconductor device manufacturing methods required 
complex processes to form interlayer insulating films of 
the desired thickness, resulting in time-consuming 
production. This adversely affected the characteristics of 
the semiconductor devices and led to issues such as 
unreliable connections between the wiring layers. 

[Objects of the Invention] 
The present invention was conceived in light of 

the aforementioned conventional problems. Its primary 
objective is to provide a semiconductor device 
manufacturing method that enables the formation of 
highly reliable multilayer wiring. This is achieved 
through relatively simple processes that eliminate 
overhang shapes in the interlayer insulating film without 
adversely affecting the characteristics of the 
semiconductor device, while also ensuring precise film 
thickness uniformity. This results in connections 
between the wiring of each layer that are free from 
breaks or shorts and are highly reliable. 

Furthermore, in addition to the first objective, 
the present invention has a second objective of providing 
a semiconductor device manufacturing method that 
eliminates electrical leakage between lower layer wiring 
and upper layer wiring, thereby enabling the formation 

of highly reliable multilayer wiring. Means for 
Achieving the Objectives 

The present invention achieves the first 
objective by including, in a method for manufacturing a 
semiconductor device with multilayer wiring, a step of 
depositing an insulating film with a thickness greater 
than or equal to the thickness of the wiring and less than 
1.2 μm on wiring formed on a predetermined layer of the 
semiconductor device, and a step of etching the 
deposited insulating film to a predetermined thickness to 
form an insulating film layer. 

Furthermore, the present invention achieves the 
first objective in a method for manufacturing a 
semiconductor device with multi-layer wiring by 
including: a step of depositing a first insulating film at a 
temperature of 400°C or lower onto wiring formed on a 
predetermined layer of the semiconductor device; a step 
of depositing a second insulating film on the deposited 
first insulating film, wherein the thickness of the second 
insulating film is greater than or equal to the step height 
of the first insulating film and less than 1.2 µm; and a 
step of etching the deposited second insulating film to a 
predetermined thickness to form an insulating film layer. 
and less than 1.2 µm thick, and an etching step to etch 
the deposited insulating film to a predetermined 
thickness to form an insulating film layer. 
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[Effect of the Invention] 

The principle of the present invention is 
explained below. 

When manufacturing semiconductor devices, 
if the interlayer insulating film deposited on the first 
layer of wiring is too thin, an overhang 22 as shown in 
the aforementioned Figure 12 occurs. Conversely, if the 
film is deposited with sufficient thickness, such an 
overhang does not occur. Therefore, the inventors 
conducted various experiments and investigations to 
determine the thickness at which no overhang occurs in 
the interlayer insulating film. In this process, aluminum 
(Al) wiring with a thickness of 0.5 µm was formed on a 
silicon wafer. An interlayer insulating film of silicon 
dioxide (SiO₂) was then deposited on this wafer and 
wiring using chemical vapor deposition (CVD) at 
various thicknesses. 

When the deposited film thickness was thin (in 
this case, the interlayer insulating film 18B was 
deposited at a thickness of 0.45μm relative to the 0.5μm 
thickness of the wiring 16A), as shown in Figure 3(A), 
a portion 22 of the interlayer insulating film 18B 
overhangs due to the step difference from the substrate 
12 surface to the wiring 16A, similar to the previously 
described Figure 12. However, it was found that by 

further increasing the thickness of this interlayer 
insulating film, the insulating film 18B grows to fill the 
overhanging portion 22 (shown by the dashed line in 
Figure 3(B)), eliminating the overhang (in the figure, 
the interlayer insulating film thickness became 1.0 µm). 

Based on these findings, we conducted further 
detailed investigation and research into the relationship 
between the thickness of the interlayer insulating film 
and the step height of the substrate for forming the 
insulating film, such as the thickness of the first layer 
wiring 16A, which causes the interlayer insulating film 
to become overhanging. In this case, to determine the 
overhang state by growing the interlayer insulating film, 
we examined the angle a of the rising portion of the 
interlayer insulating film (hereinafter referred to as the 
overhang angle) shown in Figure 5 for each value of the 
ratio × of the thickness of the deposited insulating film 
to the thickness of the first layer wiring 16A, as 
indicated by the dashed lines in Figure 4. (x = 0.3 to 1.3) 
for the angle a of the overhang portion of the interlayer 
insulating film (hereinafter referred to as the overhang 
angle), as shown in Figure 5. In this case, the interlayer 
insulating film was formed by atmospheric pressure 
CVD at 430°C. 

As a result, the overhang angle a had the 
relationship shown in Figure 5 with respect to the 
aforementioned ratio ×. From Figure 5, it was found 
that if the aforementioned ratio × was 1.0 or greater 
(x≥1.0), the overhang angle was 90 or less, and no 
overhang occurred in the interlayer insulating film. 
That is, the region where ×<1.0 is the region where 
overhang occurs in the insulating film. Furthermore, 
even when the spacing between first layer wiring is 
narrow, as shown in Figure 6, pinholes (indicated by 
reference numeral 24 in Figure 6) that occur when the 
aforementioned ratio × is less than 1.0, for example 
×0.75, do not occur when the ratio × is 1.0 or greater, 
for example ×1.2. Therefore, it was confirmed that in 
this case too, there is an effect of effectively 
eliminating overhang. 

Furthermore, no differences in the above 
phenomena were observed based on the type of 
interlayer insulating film (e.g., natural oxide film or 
P-doped oxide film). Therefore, overhang does not
occur when depositing any type of insulating film,
provided its thickness is greater than or equal to the
wiring thickness.

Furthermore, it was found that the 
elimination of overhang can be similarly achieved not 

only when the substrate for the insulating film is the 
first layer wiring 16A (as shown, for example, in 
Figure 1(A) below), but also when the substrate is an 
insulating film formed on the first layer wiring 16A 
by the plasma CVD method (as shown, for example, 
in Figure 2(A) below). 

Specifically, in this case, as shown in Figure 
2(A), an insulating film 17A (hereinafter referred to 
as the base insulating film) serving as the base is first 
deposited on the first layer wiring 16A (thickness L) 
made of Aℓ using the plasma CVD method. Since the 
deposition rate of the insulating film formed by the 
plasma CVD method is typically different on the 
aforementioned wiring 16A and on the silicon 
substrate 12, the step height L₂ of the aforementioned 
base insulating film 17A and the aforementioned 
thickness L differ. Next, a second insulating film 17B 
is deposited on top of this deposited base insulating 
film 17A using atmospheric pressure CVD. It was 
found that even when the film thickness of the second 
insulating film 17B deposited in this manner exceeds 
the thickness σ, no overhang occurs on the insulating 
film 17B as long as the condition x ≥ 1.0 is satisfied. 
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As described above, an interlayer insulating 

film formed on the first layer wiring as a substrate, and 
an interlayer insulating film comprising an insulating 
film formed by plasma CVD and an insulating film 
formed by atmospheric pressure CVD, were etched to 
a predetermined thickness, for example, as shown in 
Figure 1(B) below. and then etched to flatten the 
insulating film, followed by forming the second layer 
wiring on top of the insulating film. The resulting 
occurrence rate (%) of breaks or shorts relative to the 
aforementioned ratio × is shown in Figure 7. 

As shown in Figure 7, breaks and shorts 
occurred in the second layer wiring within the 
overhang region. However, in regions outside this 
overhang area—specifically, where the insulating film 
thickness exceeded the thickness of the first layer 
wiring, and where the thickness of the insulating film 
formed by atmospheric pressure CVD was greater than 
the step height of the substrate, i.e., It was found that 
in regions other than the aforementioned overhang 
region, namely where the insulation film thickness 
was greater than the thickness of the first layer wiring, 
and where the thickness of the insulation film formed 
by plasma CVD was greater than the step height of the 
insulation film formed by atmospheric pressure CVD, 
the occurrence rate was 1.0 times that of the overhang 
region, and no breaks or shorts occurred. Furthermore, 
when the inventors observed the second layer wiring 

formed on the interlayer insulating film at the 
aforementioned ratio of 1.0 using a scanning electron 
microscope (SEM), no open circuits in the second 
layer wiring or short circuits due to etch residue 
between second layer wires, as shown in Figures 12 
and 13 above, were observed at all. This confirmed the 
excellent open circuit and short circuit prevention 
effect of the present invention. 

On the other hand, it is known that electrical 
leakage between the first layer wiring 16A and the 
second layer wiring 16B, when both are formed from 
Aℓ, increases with higher temperatures during 
interlayer insulation film formation and longer holding 
times at high temperatures. Therefore, it is undesirable 
to directly form a thick insulating film on the Al wiring 
using high-temperature atmospheric pressure CVD to 
eliminate overhang. 

Therefore, as shown in Figure 2(A), the 
inventors formed a first insulating film 17A of silicon 
oxide (SiO₂) at various thicknesses on the first layer 
wiring 16A using a plasma CVD method under a 
250°C temperature atmosphere. They then deposited a 
second insulating film 17B on top of this first 
insulating film 17A using a normal pressure CVD 
method. and investigated the number of cracks 
generated in the first layer wiring 16A. The results of 
this investigation are shown in Figure 8. 

 
From Figure 8, it was found that forming the 

first insulating film 17 reduces the number of hi-tocks 
generated to less than one-tenth of the number when 
the insulating film is formed directly by atmospheric 
pressure CVD, and the size of these hi-tocks also 
decreased to about half. Furthermore, it was found that 
the thickness of the first insulating film 17A formed 
by the plasma CVD method provides sufficient crack 
prevention effects if it is 1000 Å or greater. 
Additionally, it was found that even when the second 
insulating film 17B is formed by the atmospheric 
pressure CVD method, the number of cracks on the 
first layer wiring 16A does not significantly increase 
if the film thickness is 15000 Å or less. 

Furthermore, to investigate the temperature 
range where the flicker suppression effect occurs 
during insulating film formation, insulating films were 
formed using the plasma CVD method under various 
temperature conditions. The results are shown in 
Figure 9. In this case, the thickness of the insulating 
film deposited by the plasma CVD method was set to 
5000 Å. 

Figure 9 shows that the number of holes 
decreases sharply when the deposition temperature is 
400°C or lower. Therefore, the deposition temperature 

for forming the insulating film on the Aℓ wiring must 
be 400°C or lower. Furthermore, the effect of 
suppressing Hirotsu on the Aℓ wiring is determined 
almost entirely by the deposition temperature and does 
not depend on the deposition method. Therefore, the 
method for depositing the first insulating film is not 
limited to plasma CVD; similar effects can be 
expected when the insulating film is deposited at low 
temperatures below 400°C using methods such as 
optical CVD or laser CVD. 

Meanwhile, to maintain the reliability of 
connections between wiring layers, such as between 
the first and second layers, it is desirable that the 
thickness variation within each layer of the deposited 
insulating film be minimized. Therefore, when the 
inventors investigated the relative variation (%) of the 
thickness of the deposited interlayer insulating film 
relative to the target value, the results were as shown 
in Figure 10. In this case, the interlayer insulating film 
was deposited using atmospheric pressure CVD. 
Furthermore, the wafer serving as the substrate for the 
semiconductor device under test comprised three 
wafers, and the interlayer insulating film thickness 
was measured at nine points on each wafer. 
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Furthermore, the relative variation shown in 

Figure 10 was calculated from the measured film 
thickness using the following Equation (1). 

σ = ((Maximum film thickness - Minimum 
film thickness) / (Maximum film thickness + 
Minimum film thickness)) × 100 (%) 

…(1) 
From Figure 10, it was found that depositing 

the insulating film or the second insulating film at 1.2 
μm or more causes the relative thickness variation 
within the wafer plane to increase sharply to ±5% or 
more, leading to in-plane non-uniformity of the inter-
wire insulating film. 

Therefore, if the thickness of the insulating 
film deposited directly on wiring 16A, or the second 
insulating film deposited on the first insulating film, is 
less than 1.2 μm, the deposition variation of the 
insulating film can be suppressed, thereby improving 
the reliability of the connection between the first layer 
wiring and the second layer wiring. That is, the method 
described in Japanese Patent Application Publication 
No. 61-204242 required an insulation film thickness of 
1.2 µm or more, resulting in large thickness variations 
and low reliability of the connection between the first 
and second layer wiring. The present invention 
resolves and improves this issue. Furthermore, if the 
insulating film is less than 1.2 µm thick, there is no 
risk of excessive stress being applied to the substrate, 

resulting in reliable characteristics for the 
semiconductor device. 

However, from the perspective of planarizing 
the interlayer insulating film, the present invention 
finds it difficult to achieve perfect flatness compared 
to conventional technologies for planarizing interlayer 
insulating films (e.g., Japanese Patent Application 
Publication No. 57-14 38 46). However, to prevent 
second-layer wiring breaks and shorts, perfect 
planarization of the interlayer insulating film is not 
strictly necessary. As long as no overhang exists on the 
insulating film, second-layer wiring breaks and shorts 
are reliably eliminated. Therefore, the present 
invention enables the formation of upper-layer wiring 
free of breaks and shorts using a thinner insulating film 
than conventional techniques, while also offering high 
economic efficiency due to simplified manufacturing 
steps. 

The present invention was conceived based 
on the above findings. According to the invention, 
when manufacturing a semiconductor device with 
multilayer wiring, the insulating film is formed to a 
thickness at least equal to the wiring thickness, i.e., the 
step height of the substrate, and less than 1.2 µm. This 
allows the overhang of the insulating film to be 
eliminated without adversely affecting the 
characteristics of the semiconductor device, while also 
achieving precise film thickness uniformity.  

 
This enables the manufacture of a highly 

reliable semiconductor device free from wire breaks or 
short circuits, where the wiring between each layer is 
reliably connected. 

Furthermore, according to the present 
invention, when manufacturing a semiconductor 
device with multiple wiring layers, a first insulating 
film (base insulating film) is thinly formed at a 
deposition temperature of 400°C or below using a low-
temperature deposition method such as plasma CVD 
on the first layer (predetermined layer) wiring and the 
substrate. °C or lower, and then forming a second 
insulating film on top of it using a deposition method 
such as atmospheric pressure CVD at a thickness 
greater than the step height of the first insulating film 
and less than 1. 2, using a deposition method such as 
atmospheric pressure CVD. Subsequently, by etching 
until the interlayer insulation film thickness reaches a 
predetermined thickness, a semiconductor device with 
wiring having excellent electrical characteristics, in 
which no electrical leakage occurs between the first 
layer wiring (predetermined layer wiring) and the 
second layer wiring (upper layer wiring), can be 
produced. 

【Examples】 

The following describes examples of the 
present invention in detail with reference to the 
drawings. 

First, the first example is described. 
In this first example, a semiconductor device 

was fabricated using the first invention method and the 
conventional method described later. During this 
process, the product yield (the ratio of products 
excluding defective items such as open circuits 
relative to the semiconductor device materials before 
manufacturing) of the fabricated semiconductor 
device was investigated. 

In this case, the manufactured semiconductor 
device is designed with the following specifications: 
for the first layer wiring, a thickness of 0.55 µm, a 
minimum width of 2.0 µm, and a minimum spacing 
between wires of 3.0 µm; for the second layer wiring, 
a minimum width of 2. Oμm, and a minimum spacing 
between lines of 1.5μm. Furthermore, the target 
thickness of the interlayer insulating film between the 
first and second layers was designed to be 0.5μm. 

The semiconductor device designed as 
described above was manufactured using the first 
invention method. 
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Specifically, first, as shown in Figure 1(A), an 

insulating film 18B with an initial thickness of 0.8 µm 
was deposited on wiring 16A. Subsequently, as shown in 
Figure 1(B), the thickness of the interlayer insulating 
film 18B was formed to 0.5 µm using etchback 
(hereinafter referred to as the first invention method). At 
this stage, the etching was performed using anisotropic 
etching via reactive ion etching (RIE). Furthermore, 
reference numeral 12 in Figure 1 denotes the silicon 
wafer substrate. 

For comparison, a semiconductor device 
designed as described above was manufactured from the 
outset with an interlayer insulating film formed at a 
thickness of 0.5 µm (hereinafter referred to as the 
conventional method). 

Table 1 shows the yield per lot and the average 
yield for each lot when semiconductor devices were 
manufactured on the wafer surface using the 
conventional method and the present invention method 
under the above conditions. In this case, each lot 
consisted of 2,500 semiconductor devices, and three lots 
each were manufactured using both the conventional 
method and the present invention method. 

Table 1 
Method Lot No. Yield (%) Average 

Yield (%) 

Conventional 
Method 

1 
2 
3 

85 
90 
68 

81 

First 
Invention 
Method 

4 
5 
6 

100 
100 
100 

100

As shown in Table 1, the conventional method 
achieves a product yield of approximately 80%, whereas 
the yield using the present first invention method has 
been improved to 100%. That is, in the conventional 
method, since the insulating film is formed without 
etching, an interlayer insulating film is formed as 
indicated by the dashed line shown by reference numeral 
34 in Figure 1(A). Near both ends of the wiring 16A, an 
overhanging portion occurs on this insulating film, and 
this overhanging state caused the yield to decrease. 

In contrast, with the first invention method, when 
forming the insulating film 18B, prior to etching, the 
insulating film 18B is formed to the outer shape 
indicated by the solid line of reference number 35 in 
Figure 1(B). (A) with the solid line indicated by 
reference numeral 35, preventing the occurrence of 
overhanging portions. Furthermore, as shown in the 
same figure (B), the interlayer insulating film 18B is 
formed to a predetermined thickness directly by etching. 
Consequently, the desired interlayer insulating film 
without overhanging portions is obtained. 

Furthermore, if the thickness of the interlayer 
insulating film before etchback is equal to or greater than 
the thickness of the first layer wiring, i.e., 0.55 μm or 
more, then based on the results of the previously 
mentioned Figure 5, no overhang occurs in the insulating 
film. However, when manufacturing semiconductor 
devices within a wafer surface, variations of 
approximately ±4% in the thickness of the insulating 
film typically occur within the wafer surface, and 
variations of approximately ±3% occur between wafers. 
Therefore, when considering each lot, variations of 
approximately ±7% occur in the insulating film within 
the lot. Therefore, in the aforementioned example, the 
film thickness before etching was set to 0.8 μm to 

provide sufficient margin against overhang occurrence 
due to this variation and to improve the yield of the 
manufactured semiconductor devices. 

Next, the second example is described. 
In this second example, semiconductor devices 

were fabricated using the second invention method and 
the aforementioned conventional method. The product 
yield of the fabricated semiconductor devices was 
investigated for each failure category: open circuits and 
short circuits in the second layer wiring, and electrical 
leakage between the first layer wiring and the second 
layer wiring. 

In this case, the semiconductor device being 
manufactured has its first layer wiring and second layer 
wiring formed from Al, while the other components are 
designed similarly to the first example. 

In this second example, the semiconductor 
device designed in this manner was manufactured using 
the second invention method. Specifically, as shown in 
Figure 2(A), a first insulating film 17A with a thickness 
of 0.2 μm was initially deposited on the wiring 16A using 
plasma CVD at 300°C. Subsequently, a second 
insulating film 17B with a thickness of 0.8 μm was 
deposited
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using atmospheric pressure CVD at 430°C. 
Subsequently, as shown in Figure 2 (B), the thickness 
of the interlayer insulating film composed of the first 
insulating film 17A and the second insulating film 17B 
was formed to be 0.5 µm by etching (hereinafter 
referred to as the second invention method). 

For comparison, a semiconductor device 
designed as described above was manufactured by 
initially forming an interlayer insulating film with a 
thickness of 0.5 µm using the atmospheric pressure 
CVD method (hereinafter referred to as the 
conventional method). Furthermore, a method was also 
investigated where only the insulating film formation 
by plasma CVD was omitted. Instead, an insulating film 
was formed to a thickness of 0.8 µm by atmospheric 
pressure CVD, followed by etching back to 0.6 µm to 
form the interlayer insulating film (hereinafter referred 
to as the comparison method). 

Table 2 shows the results of investigating the 
yield for breaks and shorts in the first layer of Al wiring, 
and the yield for interlayer leakage between the first and 
second layers of Al wiring, when semiconductor devices 
were fabricated using the conventional method, the 
comparative method, and the second invention method 
under the above conditions. 
 
As shown in Table 2, the yield for open circuits and short 
circuits in the Aℓ wiring of the second dark region is 
approximately 80% in the conventional method, whereas 

the yield using the present second invention method has 
improved to 100%. Specifically,  
in the conventional method, since the insulating film is 
formed without etching, an interlayer insulating film is 
formed as indicated by the dashed line shown by 
reference numeral 34 in Figure 2(A). Near both ends of 
the wiring 16A, an overhanging portion occurs on this 
insulating film, and this overhanging state causes the 
yield to decrease. In contrast, when forming the 
insulating films 17A and 17B using the second invention 
method, the insulating film is deposited to the outer 
shape indicated by the solid line 35 in Fig. 2(A) before 
etching, so no overhanging portions occur.   

 
Therefore, as shown in Figure 2(B), etching directly 
results in the formation of an insulating film with a gentle 
step, ultimately yielding the desired interlayer insulating 
film without overhang. 

On the other hand, the yield for electrical 
leakage between the first layer wiring and the second 
layer wiring was 98% with the conventional method and 
decreased to 90% with the comparative method, whereas 
it improved to 100% with the present second invention 
method. The cause of increased interlayer leakage in this 
comparative method is thought to be that the atmospheric 
pressure CVD method deposits the film at 430°C, 
exposing the semiconductor device to high temperatures 
for an extended period. This resulted in numerous hot 
spots forming in the first layer wiring made of Al, which 
then penetrated the interlayer insulating film. In contrast, 
when the insulating film is deposited at a low 
temperature of around 300°C using the plasma CVD 
method, as in the second invention method, the 
occurrence of holes is suppressed. Furthermore, even 
when depositing an insulating film using the atmospheric 
pressure CVD method on top of this insulating 

Therefore, based on the results shown in Table 
2, it was confirmed that the present second invention not 

only prevents breaks and shorts in the second layer 
wiring but also achieves 100% product yield for leaks 
between the first and second layer wiring. 

Furthermore, in the aforementioned second 
example, the second invention was implemented by 
depositing the insulating film in two stages at low and 
high temperatures. In this case, the manufacturing 
equipment performing this deposition may be either 
separate devices or a single device, provided it is capable 
of implementing the second invention. Furthermore, the 
film deposition stages of the present second invention are 
not limited to two stages. Essentially, as long as a first 
insulating film can be formed at 400°C or below on the 
first layer wiring, multiple stages may be employed, or 
the insulating film deposition may be performed 
continuously within a single manufacturing apparatus by 
gradually increasing the temperature. 

In the first and second examples described 
above, anisotropic etching was performed using dry 
etching methods such as reactive ion etching to create an 
etch back when implementing the first and second 
invention methods. 

Method Yield (%) of 
Second Layer 

Wiring 
Breakage/Short 

Circuits 

Yield (%) of 
First Layer 
Wiring and 

Second Layer 
Wiring Leaks 

Conventional Method 
(No Etchback) 

81 98 

Comparison method 
using only 

atmospheric pressure 
CVD for insulating 

film deposition 
followed by etchback 

100 90 

Present Second 
Invention Method 

100 100 

Table 2 
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However, the etching technique for etching engravings 
is not limited to this method; other techniques, such as 
wet etching, may also be used to perform etching 
engravings. However, the etching method for the etch-
back is not limited to this, and other methods, such as 
performing the etch-back by wet etching, may also be 
used. That is, according to the inventors' tests, 
performing the etch-back by isotropic etching, such as 
wet etching, also achieved a step reduction effect 
equivalent to that of the above dry etching in 
eliminating the unevenness on the insulating film. 

Furthermore, while the first and second 
examples illustrated semiconductor devices formed 
with aluminum (Al) wiring, silicon dioxide (SiO₂) 
interlayer insulation, and a silicon (Si) substrate, 
semiconductor devices manufactured using the first 
and second inventions are not limited to such materials. 
The present invention can also be applied to the 
manufacture of semiconductor devices using other 
materials. 
4. Brief Description of the Drawings 

Figure 1(A) and (B) are partial cross-
sectional views illustrating the manufacturing process 
of the semiconductor device according to the first 
embodiment of the present invention.  

Figure 2(A) and (B) are partial cross-
sectional views illustrating the manufacturing process 

of a semiconductor device according to the second 
embodiment of the present invention. 

Figure 3(A) is a partial cross-sectional view 
showing a semiconductor device with an overhang 
occurring in the interlayer insulating film, illustrating 
the principle of the present invention. 

Figure 3(B) is likewise a partial cross-
sectional view showing a semiconductor device 
without an overhang occurring in the interlayer 
insulating film. 

Figure 4 is a partial cross-sectional view 
showing the deposition progress of the interlayer 
insulating film. 

Figure 5 is a line graph showing an example 
of the change in overhang angle with respect to the 
ratio of the wiring thickness to the interlayer insulating 
film thickness. 

Figure 6 is a cross-sectional view showing an 
example of pinhole occurrence relative to the 
thickness of the interlayer insulating film, 

Figure 7 is a line graph showing an example 
of the effect of the aforementioned insulating film 
thickness on the breakage and short circuit of the 
second layer wiring, 

Figure 8 is a line graph illustrating how the 
number of Aℓ wiring layers decreases by performing 
low-temperature film deposition using the plasma 
CVD method.  

 
Figure 9 is a line graph illustrating that the 

number of Aℓ wiring cross-connections depends on 
the deposition temperature. 

Figure 10 is a line graph showing an 
example of increased insulation film thickness 
variation accompanying thick film formation. 

Figure 11 is a cross-sectional view showing 
a configuration example of a CMOS transistor with a 
multilayer wiring structure. 

Figure 12 is a partial cross-sectional view 
showing an example of a semiconductor device 
where the second layer wiring is broken. 

Figure 13 is a partial perspective view, 
including a partial cross-section, showing an example 
of a semiconductor device where the second layer 
wiring has interwire short circuits.  

Figures 14(A) to (C) are cross-sectional 
views of key sections showing an example process 
for forming an interlayer insulating film using a 
conventional resist etch-back method. 

 
 
 
 
 
 
 
 
 
 
10A, 1OBMOS transistor, 
12... matrix, 
16A, 16B, 26... wiring, 
17A, 17B... first and second insulating films, 
18A, 18B, 28... interlayer insulating film, 
22... portion in an overhang state. 
Agent: Takaya Ron 
Matsuyama Keisuke 
Makino Tsuyoshi
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Figure 14 
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