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(54) [Title of Invention] Semiconductor Integrated Circuit Device   

(57) [Abstract] 

[Problem to be Solved] The goal is to provide a technology that can improve the EM (electromagnetic) 

resistance in connection holes for interlayer wiring and in their vicinity. 

[Means for Solving the Problem] In the connection hole TH1, the length Y in the direction orthogonal to the 

flow of current is formed longer than the length X in the horizontal direction of the current flow. This allows 

the current to be dispersed in the connection hole TH1, making it possible to suppress the local high density of 

current density in the connection hole TH1 and the adjacent wiring portions. 

 

Fig. 1 

M2   TH1   M1 

 
M1: first layer wiring 

M2: second layer wiring 

TH1: connection hole  
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[Claim 1] A semiconductor integrated circuit device, wherein a connection hole is arranged in an 

overlapping region of two layers (upper and lower) of wiring arranged parallel to each other, electrically 

connecting the aforementioned two layers (upper and lower) of wiring, and the area of the surface that 

intersects the direction of current flowing through the aforementioned wiring is larger than the area of 

the surface that follows the direction of the current flowing through the aforementioned wiring. 

[Claim 2] The semiconductor integrated circuit device of Claim 1, wherein the length of the connection 

hole along the width direction of the aforementioned wiring is longer than the length along the 

longitudinal direction of the aforementioned wiring in the connection hole. 

[Claim 3] The semiconductor integrated circuit device of Claim 1, wherein the connection hole is 

composed of multiple connection holes arranged along the width direction of the aforementioned wiring. 

[Claim 4] The semiconductor integrated circuit device of Claim 1, 2, or 3, wherein a conductor film or 

an aluminum alloy made of a material different from the main material of the aforementioned wiring's 

main part is embedded within the connection hole. 

[Claim 5] A semiconductor integrated circuit device, wherein a connection hole is arranged in an 

overlapping region of two layers (upper and lower) of wiring arranged parallel to each other, electrically 

connecting the aforementioned two layers (upper and lower) of wiring, and the length in the direction 

intersecting the direction of current flowing through the aforementioned wiring is longer than the length 

in the direction along the current flow through the aforementioned wiring. 

[Claim 6] The semiconductor integrated circuit device of Claim 5, wherein the connection hole is 

composed of multiple connection holes arranged along the width direction of the aforementioned wiring. 

[Claim 7] The semiconductor integrated circuit device of Claim 5, wherein a conductor film or an 

aluminum alloy made of a material different from the main material of the aforementioned wiring's main 

part is embedded within the connection hole. 

[Claim 8] A semiconductor integrated circuit device having a connection hole arranged in an 

overlapping region of two intersecting layers (upper and lower) of wiring, electrically connecting the 

aforementioned two layers (upper and lower) of wiring, wherein, in the aforementioned connection hole, 

the area of the surface that follows the direction of current flowing through the wiring with a relatively 

smaller cross-sectional area among the two layers (upper and lower) of wiring is equal to or larger than 

the area of the surface that intersects the direction of current flowing through the wiring with the 

relatively smaller cross-sectional area. 

[Claim 9] The semiconductor integrated circuit device of Claim 8, wherein the length of the connection 

hole along the width direction of the wiring with the relatively larger cross-sectional area among the two 

layers (upper and lower) of wiring is longer than the length along the longitudinal direction of the wiring 

with the relatively larger cross-sectional area in the connection hole. 

[Claim 10] The semiconductor integrated circuit device of Claim 8, wherein the connection hole is 

composed of multiple connection holes arranged along the width direction of the wiring with the 

relatively larger cross-sectional area among the two layers (upper and lower) of wiring. 

[Claim 11] A semiconductor integrated circuit device as described in Claim 8, wherein a conductor film 

or an aluminum alloy made from a material different from the main material of the aforementioned 

wiring's main part is embedded within the aforementioned connection hole. 

[Claim 12] A semiconductor integrated circuit device having a connection hole arranged in an 

overlapping region of two intersecting layers (upper and lower) of wiring, electrically connecting the 

aforementioned two layers (upper and lower) of wiring, wherein in the overlapping region of the 

aforementioned two layers (upper and lower) of wiring, one of the wiring's leading ends is extended 

parallel to the extending direction of the other wiring, superimposing both wirings, and that the area of 

the surface intersecting the direction of current flowing through the aforementioned wiring in the 

aforementioned connection hole is larger than the area of the surface along the direction of current 

flowing through the aforementioned wiring in the aforementioned connection hole. 
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[Claim 13] A semiconductor integrated circuit device comprising two layers (upper and lower) of 

wiring, an insulation film formed between the aforementioned two layers (upper and lower), and a 

connection hole formed in the aforementioned insulation film for electrically connecting the 

aforementioned two layers (upper and lower) of wiring, wherein a first wiring of the aforementioned 

upper layer is configured to be electrically connected to the lower layer of wiring through a first 

connection hole having a first length in a direction intersecting the direction of current flowing through 

the aforementioned first wiring, where the aforementioned first length consists of the reference hole 

diameter for the connection hole formed in the aforementioned insulation film; and that a second wiring 

of the aforementioned upper layer has a width of the overlapping region with the aforementioned second 

wiring and the aforementioned lower layer of wiring that is larger than the width of the overlapping 

region with the aforementioned first wiring and the aforementioned lower layer of wiring, and is smaller 

than twice that width, wherein the aforementioned second wiring is electrically connected to the lower 

layer of wiring through a second connection hole having a second length greater than the 

aforementioned first length in a direction intersecting the direction of current flowing through the 

aforementioned second wiring. 

[Claim 14] The semiconductor integrated circuit device of Claim 13, wherein a conductor film made 

from a material different from the main material of the aforementioned wiring's main part electrically 

connects the main part of the aforementioned upper wiring and the main part of the aforementioned 

lower wiring through the aforementioned connection hole. 

[Claim 15] The semiconductor integrated circuit device of Claim 13, wherein the aforementioned 

conductor film is embedded within the aforementioned connection hole. 

[Claim 16] The semiconductor integrated circuit device of Claim 14 or 15, wherein the aforementioned 

conductor film comprises a titanium-based first conductor film and a tungsten-based second conductor 

film. 
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[Claim 17] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the length in 

the direction intersecting the aforementioned first length of the aforementioned first connection hole is 

greater than the length in the direction intersecting the aforementioned second length of the 

aforementioned second connection hole. 

[Claim 18] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the planar 

area of the aforementioned first connection hole is approximately equal to the planar area of the 

aforementioned second connection hole. 

[Claim 19] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the direction 

of current flowing through the aforementioned first wiring is parallel to the extending direction of the 

aforementioned first wiring, and the direction of current flowing through the aforementioned second 

wiring is parallel to the extending direction of the aforementioned second wiring. 

[Claim 20] A semiconductor integrated circuit device comprising two layers (upper and lower) of 

wiring, an insulation film formed between the aforementioned two layers (upper and lower), and a 

connection hole formed in the aforementioned insulation film that electrically connects the 

aforementioned two layers (upper and lower) of wiring, wherein a first wiring of the aforementioned 

upper layer has the minimum wiring width of the aforementioned upper layer and is configured to be 

electrically connected to the lower layer of wiring through a first connection hole having a first length in 

a direction intersecting the direction of current flowing through the aforementioned first wiring; and that 

a second wiring of the aforementioned upper layer is configured such that the width of the overlapping 

region of the aforementioned two layers (upper and lower) of wiring is greater than the minimum wiring 

width of the aforementioned upper layer and smaller than twice the minimum wiring width, wherein the 

aforementioned second wiring is electrically connected to the lower layer of wiring through a second 

connection hole having a second length greater than the aforementioned first length in a direction 

intersecting the direction of current flowing through the aforementioned second wiring. 

[Claim 21] The semiconductor integrated circuit device of Claim 20, wherein a conductor film made 

from a material different from the main material of the aforementioned wiring's main part electrically 

connects the main part of the aforementioned upper wiring and the main part of the aforementioned 

lower wiring through the aforementioned connection hole. 

[Claim 22] The semiconductor integrated circuit device of Claim 20 or 21, wherein the planar area of the 

aforementioned first connection hole is approximately equal to the planar area of the aforementioned 

second connection hole, and that the aforementioned conductor film is embedded within the 

aforementioned connection hole. 

 

[Detailed explanation of the invention]  

[0001]  

[Technical Field to which the Invention Belongs] This invention relates to semiconductor integrated 

circuit device technology, particularly concerning effective techniques for connecting different wiring 

layers electrically in semiconductor integrated circuit devices. 

[0002]  

[Conventional Technology] To achieve higher integration and speed in semiconductor integrated circuit 

devices, the miniaturization and reduction of semiconductor elements such as MISFETs (Metal-

Insulator-Semiconductor Field Effect Transistors) are being advanced, along with the adoption of a 

multilayer configuration structure where wiring layers and interlayer insulation films are stacked. 

[0003] Different wiring layers are electrically connected by connection holes. These connection holes 

are formed by drilling holes in the interlayer insulation film that expose the lower layer wiring, with 

upper layer wiring formed within these connection holes. 
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[0004] The conductor film formed within this connection hole has conventionally comprised a single 

film made of aluminum (Al) or Al alloys, resulting in a structure composed solely of wiring materials. 

[0005] However, due to demands for increased device integration and the consequent miniaturization of 

the elements and wiring, as well as further miniaturization of the connection holes, structures have been 

adopted where the conductor film formed within the connection holes consists of not only conventional 

wiring materials but also various other types of conductor films. 

[0006] For instance, to prevent wiring disconnection failures caused by phenomena such as stress 

migration, or to improve adhesion with the insulation film, a structure has been adopted where a barrier 

metal, which is a material different from Al (e.g., titanium nitride (TiN)), is formed on the upper or 

lower layers of the wiring or both. In this case, the connection hole has a structure where, in addition to 

the conductor film made of Al, the barrier metal is also formed within the hole. 

[0007] In addition, with the miniaturization of connection holes, it has become difficult to deposit 

materials like Al effectively within the connection holes. To compensate for this, structures have been 

adopted where a conductor film of a type different from Al, such as tungsten (W), which can be easily 

filled into the connection hole, is embedded using CVD (Chemical Vapor Deposition) technology. 

[0008] It should be noted that the structures of the wiring and connection holes are described in 

publications such as "Semiconductor World," published by Press Journal Co., Ltd. on November 20, 

1994, pages 152-157. 

[0009]  

[Problems to be Solved by the Invention] However, in structures where different conductor films are 

formed within the connection holes, the flow of Al atoms due to electromigration (EM) becomes 

discontinuous, leading to a greater likelihood of EM failures compared to the wiring portions. 

[0010] In other words, when current flows between the upper and lower layer wiring through the 

connection hole, the presence of different conductor films such as tungsten or TiN prevents the flow of 

Al atoms due to EM, resulting in a discontinuity in the flow of Al atoms at the interface between the 

connection hole and the wiring. 
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[0011]  

For that reason, at points where electrons flow out of the Al wiring from the connection hole, voids are 

formed due to the movement of Al atoms. Particularly, as the diameter of the connection hole decreases, 

even slight voids at the connection hole can lead to increased resistance or disconnection. Therefore, in 

future wiring technologies, enhancing EM resistance at the connection holes will become an 

increasingly important issue for the reliability of wiring systems. 

[0012]  

The objective of this invention is to provide a technique capable of improving the EM resistance of 

connection holes and their vicinity used to connect wiring layers. 

[0013]  

In addition, the objective of this invention is to provide a technique capable of improving the EM 

resistance of connection holes and their vicinity by embedding a conductor material or aluminum alloy 

different from the main part of the wiring within the connection holes used to connect wiring layers. 

[0014]  

The aforementioned and other objectives and novel features of this invention will become apparent from 

the descriptions provided in the Detailed Explanation and the accompanying figures. 

[0015]  

[Means for Solving the Problems] A brief overview of the representative aspects of the invention 

disclosed herein is as follows. 

[0016]  

The semiconductor integrated circuit device according to this invention is a device wherein a connection 

hole is arranged in an overlapping region of two layers (upper and lower) of wiring arranged parallel to 

each other, electrically connecting the aforementioned two layers (upper and lower) of wiring, and the 

area of the surface that intersects the direction of current flowing through the aforementioned wiring is 

larger than the area of the surface that follows the direction of the current flowing through the 

aforementioned wiring. 

[0017] In addition, the semiconductor integrated circuit device according to this invention has a 

connection hole arranged in an overlapping region of two intersecting layers (upper and lower) of 

wiring, electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein, in 

the aforementioned connection hole, the area of the surface that follows the direction of current flowing 

through the wiring with a relatively smaller cross-sectional area among the two layers (upper and lower) 

of wiring is equal to or larger than the area of the surface that intersects the direction of current flowing 

through the wiring with the relatively smaller cross-sectional area.  

[0018] In addition, the semiconductor integrated circuit device according to this invention has a 

connection hole arranged in an overlapping region of two intersecting layers (upper and lower) of 

wiring, electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein in 

the overlapping region of the aforementioned two layers (upper and lower) of wiring, one of the wiring's 

leading ends is extended parallel to the extending direction of the other wiring, superimposing both 

wirings, and that the area of the surface intersecting the direction of current flowing through the 

aforementioned wiring in the aforementioned connection hole is larger than the area of the surface along 

the direction of current flowing through the aforementioned wiring in the aforementioned connection 

hole. 

[0019] In addition, the semiconductor integrated circuit device according to this invention comprises 

two layers (upper and lower) of wiring, an insulation film formed between the aforementioned two 

layers (upper and lower), and a connection hole formed in the aforementioned insulation film for 

electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein a first wiring 

of the aforementioned upper layer is configured to be electrically connected to the lower layer of wiring 
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through a first connection hole having a first length in a direction intersecting the direction of current 

flowing through the aforementioned first wiring, where the aforementioned first length consists of the 

reference hole diameter for the connection hole formed in the aforementioned insulation film; and that a 

second wiring of the aforementioned upper layer has a width of the overlapping region with the 

aforementioned second wiring and the aforementioned lower layer of wiring that is larger than the width 

of the overlapping region with the aforementioned first wiring and the aforementioned lower layer of 

wiring, and is smaller than twice that width, wherein the aforementioned second wiring is electrically 

connected to the lower layer of wiring through a second connection hole having a second length greater 

than the aforementioned first length in a direction intersecting the direction of current flowing through 

the aforementioned second wiring. 

[0020] In addition, the semiconductor integrated circuit device according to this invention comprises 

two layers (upper and lower) of wiring, an insulation film formed between the aforementioned two 

layers (upper and lower), and a connection hole formed in the aforementioned insulation film that 

electrically connects the aforementioned two layers (upper and lower) of wiring, wherein a first wiring 

of the aforementioned upper layer has the minimum wiring width of the aforementioned upper layer and 

is configured to be electrically connected to the lower layer of wiring through a first connection hole 

having a first length in a direction intersecting the direction of current flowing through the 

aforementioned first wiring; and that a second wiring of the aforementioned upper layer is configured 

such that the width of the overlapping region of the aforementioned two layers (upper and lower) of 

wiring is greater than the minimum wiring width of the aforementioned upper layer and smaller than 

twice the minimum wiring width, wherein the aforementioned second wiring is electrically connected to 

the lower layer of wiring through a second connection hole having a second length greater than the 

aforementioned first length in a direction intersecting the direction of current flowing through the 

aforementioned second wiring. 

[0021] Furthermore, the semiconductor integrated circuit device according to this invention electrically 

connects the main parts of the upper and lower wiring layers using a conductor film and connection hole 

made of materials different from the materials of the main parts of the wiring. 

[0022]  

[Embodiments of the Invention] The embodiments of the invention will be described in detail below 

based on the figures (the same reference numerals will be used for elements having the same function in 

all the figures, and repetitive explanations will be omitted). 

[0023] (Embodiment 1) 

Fig. 1 is a plan diagram of a main part of the wiring system in the semiconductor integrated circuit 

device according to one embodiment of this invention. 

Fig. 2 is a cross-sectional view of a main part taken along line II–II of Fig. 1. 

Fig. 3 is a schematic cross-sectional view of a main part showing a wiring and a connection hole having 

an embedded conductor film that the inventors examined. 

Fig. 4 is a graph comparing the relationship between current density and EM lifetime with and without 

an embedded conductor film in the connection hole. 
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Fig. 5 is a graph comparing the temperature dependence of EM lifetime with and without an embedded 

conductor film in the connection hole. 

Fig. 6 is a graph showing variation in EM lifetime. 

Fig. 7 is a photograph showing the failure location observed in a sample that experienced disconnection 

in an EM test. 

Fig. 8 is an explanatory diagram showing the flow of electrons in the event of disconnection as shown in 

Fig. 7. 

Fig. 9 is an explanatory diagram showing simulation results of the two-dimensional current density 

distribution in and around a connection hole with an embedded conductor film. 

Fig. 10 is an explanatory diagram showing simulation results of current density distribution in cases 

where one and two connection holes with embedded conductor films are provided. 

[0024] First, before explaining this embodiment of the invention, a description is provided of the 

reliability issues concerning connection holes that connect different wiring layers, as examined by the 

inventors. 

[0025] The inventors focused on connection holes with a structure that includes an embedded conductor 

film, such as tungsten (hereinafter also referred to as a W plug), and examined their reliability. (It should 

be noted that the embedded conductor film inside the connection hole is referred to as a plug.) 

[0026] Electromigration (EM) resistance of wirings made of aluminum (Al) or similar materials has 

significantly improved over the past ten (10) years by adopting multilayer structures using appropriately 

selected stacking materials. 

[0027] In contrast, when W plugs are provided, a decrease in EM resistance is observed. A feature is 

that the current density dependence of the wiring lifetime determined by EM becomes smaller compared 

to flat wiring, and the lifetime in actual use conditions predicted from accelerated testing becomes 

shorter. 

[0028] Failure analysis results revealed that the imbalance in supply and demand for Al atom migration 

caused by discontinuities in material along the current path, and current crowding near the connection 

hole, are causing such reductions in EM resistance. 

[0029] Therefore, preventing discontinuity in metal atom migration and avoiding current crowding are 

considered as essential countermeasures. This is a common issue not only for W plugs but also for the 

reliability of connection holes in metal wiring going forward. 

[0030] Fig. 3 schematically shows the structure of the wiring and W plug evaluated in this study. 

Both the first layer wiring M1 and the second layer wiring M2 are formed with multilayer structures, for 

example, Al–copper (Cu)–silicon (Si) sandwiched between titanium nitride (TiN) and titanium (Ti). 

[0031] In other words, the first layer wiring M1 is formed by stacking conductor films M1a to M1f in 

order from the bottom layer. 

Conductor films M1a, M1c, and M1e are made of, for example, Ti; conductor films M1b and M1f are 

made of, for example, TiN; and conductor film M1d is made of, for example, Al–Si–Cu. 

[0032] In addition, the second layer wiring M2 is formed by stacking conductor films M2a to M2e in 

order from the bottom layer. 

Conductor films M2a and M2c are made of, for example, Ti; conductor films M2b and M2e are made 

of, for example, TiN; and conductor film M2d is made of, for example, Al–Si–Cu. 

[0033] Inside the connection hole TH, conductor films M2a, M2b of the second layer wiring M2 and the 

embedded conductor film M3 are embedded. This embedded conductor film M3 is made of materials 

such as tungsten. The embedded conductor film M3 is formed in the connection hole TH by a 

combination of blanket W/CVD method and an etch-back method. The wiring width is approximately 

0.6 μm, and the diameter of the connection hole TH is approximately 0.4 to 0.6 μm. 
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[0034] Fig. 4 compares the current density dependence of EM lifetime with and without the presence of 

a W plug. The current density for both cases is that at the flat part of the wiring. It can be seen at a 

glance that the W plug has worse EM resistance compared to the case without it. In addition, a 

characteristic feature is that the current density dependence of the EM lifetime of wiring with a W plug 

is smaller. Typically, the following Black equation is used to estimate the EM lifetime in actual usage 

conditions: 

[0035] τ  =   A ・j-n ・exp (Ea / kT) 

where τ is the lifetime, A is a proportionality constant, j is the current density, Ea is the activation 

energy, k is the Boltzmann constant, and T is the absolute temperature. 

[0036] In flat wiring where the influence of the W plug is absent, the exponent n showing this current 

density dependence is close to a value of 2. However, in wiring with a W plug, as seen from Fig. 4, the 

exponent n takes a value close to 1. There is still room for discussion regarding why the exponent n is 2 

in conventional metal wiring, but a possible explanation is that the density of Al voids is proportional to 

the current density, and the growth rate of voids is also proportional to the current density, which results 

in the exponent n taking a value of 2. In the case of the W plug, however, the movement of Al voids is 

interrupted by the W, so the density of voids no longer becomes proportional to the current density. 

Instead, only the growth rate of the voids remains proportional to the current density, which may explain 

why the exponent n approaches a value of 1. 

[0037] Fig. 5 compares the temperature dependence of EM lifetime with and without a W plug, for 

example, when the diameter of the connection hole is 0.6 μm. The white circles represent the case 

without a W plug, while the black circles indicate the case with a W plug. From Fig. 5, it can be 

observed that in this Embodiment 1, the temperature dependence (activation energy) when there is a 

connection hole (plug) is almost unchanged compared to when there is no connection hole (plug). In 

other words, regardless of the presence or absence of a W plug, it is clear that the EM phenomenon 

occurs within the wiring section. 

[0038] Fig. 6 shows the variation in EM lifetime. The measurement conditions for this Fig. 6 were set to 

approximately 200 °C and about 30 mA, flowing electrons from the first layer wiring M1 towards the 

second layer wiring M2. It can be seen that the variation in the case with the W plug is small. This is 

interpreted as the place where disconnection occurs being in a certain Al section near the W plug, 

leading to less variation. 
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[0039] Thus, due to the smaller current density dependence of the EM lifetime of wiring containing a W 

plug, the estimated lifetime in usage conditions derived from these parameters using accelerated testing 

is shorter. The simplest workaround is to increase the number of W plugs to reduce the current density 

(more accurately, the current density of the metal near the W plug), but this comes with a trade-off 

regarding the allowable layout area. 

[0040] Next, the results of observing the failure locations of samples that reached disconnection in the 

EM test are shown in Fig. 7. In addition, Fig. 8 schematically illustrates the direction of the current 

(electrons) that was applied during this case. The measurement conditions for Fig. 7 were approximately 

200°C, 40 mA, with a diameter of the connection hole of about 0.6 μm, and the current flowed from the 

second layer wiring M2 to the first layer wiring M1 as indicated in Fig. 8, after applying stress for 

830,000 seconds. It should be noted that in Fig. 8, the arrows indicate the direction of electron 

movement. 

[0041] As seen in Fig. 7, disconnection occurs in the downstream second layer wiring M2 in the flow of 

electrons, and it is also near the W plug. When the polarity is reversed, and the current flows from the 

first layer wiring M1 to the second layer wiring M2, disconnection occurred near the W plug in the 

upstream first layer wiring M1. From these observations, it can be inferred that voids tend to grow on 

the downstream side of the W plug where there is no supply of Al atoms, leading to disconnection. 

[0042] Observing the failure points like those in Fig. 7 indicates that disconnection occurs at quite 

specific locations, prompting attention to the current density distribution within the wiring. The results 

of a two-dimensional current density distribution simulation are shown in Fig. 9. For this simulation, a 

voltage of about 0.01 V was applied at the left end of the second layer wiring M2, while the right end of 

the first layer wiring M1 was set to approximately 0 V. 

[0043] It can be observed that there is a concentration of current near the W plug, indicating areas of 

locally high current density, which coincide with the disconnection points. This result suggests that it is 

necessary to consider current concentration when establishing connection holes. 

[0044] Fig. 10(a) and (b) show the current density distributions for cases with one W plug and for cases 

with two W plugs aligned with the direction of current flow, respectively. The voltages have been set so 

that the average current flowing through the wiring is equal in both cases. For the voltage settings in Fig. 

10(a), for example, the applied voltage at the left end of the second layer wiring M2 is around 0.0138 V, 

while the right end of the first layer wiring M1 is approximately 0 V. In addition, for Fig. 10(b), the 

applied voltage at the left end of the second layer wiring M2 is set to about 0.00859 V, with the right 

end of the first layer wiring M1 at around 0 V. 

[0045] Simply considered, in the case of having two W plugs (Fig. 10(b)), the current flowing through 

each W plug would be halved (1/2), thus one would expect the EM resistance to strengthen accordingly. 

However, as can be seen when comparing the maximum values of current density in the diagrams, this 

ratio does not necessarily conform to the anticipated 2:1, and caution should be taken as the 

improvement in EM resistance may not be as significant as expected. 

[0046] Aside from W, the embedding method of the connection hole involving Al has also attracted 

attention. Techniques for embedding Al include high-temperature reflow, high-pressure applications, 

and CVD Al, among others. The advantages of Al plugs compared to W plugs are the potential 

simplification of the process and the reduction of plug resistance. However, regarding the increase in 

circuit operating speed due to this resistance reduction, it is essential to quantify its effect and weigh it 

against the issues arising from switching to the Al plug process. 

[0047] Many reports on the Al plug process mention improvements in EM resistance. However, it is 

important to be cautious when considering these reports, as the Al film quality in the flat portions of the 

embedding process can change, and the current density at the current concentration regions mentioned 

above depends on the thickness and resistivity of each layer that constitutes the stack. A fair comparison 

should take these factors into account. 
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[0048] High-pressure Al embedding and Al embedding by CVD are new processes that have not yet 

been experienced in mass production. At this stage, it is difficult to make a clear statement, but 

considering the previous content, it can be inferred that current concentration will still occur with Al 

plugs. As long as there is discontinuity in the movement of Al atoms due to the presence of adhesive 

layers, it is difficult to imagine that EM resistance would improve significantly compared to W plugs. 

[0049] As mentioned above, this discussion focused on W plugs and addressed issues concerning their 

reliability. It was clarified that EM resistance decreases due to W plugs, and the causes of this include 

the discontinuity in Al atom movement across the W plug and current concentration near the connection 

hole. 

[0050] Therefore, it is preferable to prevent discontinuities in the movement of Al atoms and to reduce 

current concentration. These factors are common challenges when considering the EM resistance of 

connection holes in future metal wiring, not limited to W plugs. 

[0051] Next, the semiconductor integrated circuit device of this Embodiment 1 will be explained with 

reference to Fig. 1 and Fig. 2. 

[0052] Fig. 1 shows the state where the first layer wiring M1 and the second layer wiring M2, which 

extend parallel to each other, are electrically connected through a single connection hole TH1 in their 

overlapping region. The wiring widths of the first layer wiring M1 and the second layer wiring M2 are 

nearly equal, for example, about 0.6 μm. 

[0053] In addition, Fig. 2 shows a cross-sectional view along line II-II of Fig. 1. The semiconductor 

substrate 1 is made of, for example, single-crystal Si, and semiconductor integrated circuit elements are 

formed in the element formation region on its main surface. 

[0054] On the upper surface of the semiconductor substrate 1, an insulation film 2, made of, for 

example, silicon dioxide (SiO₂), is formed, and the first layer wiring M1 is formed on top of it. The first 

layer wiring M1 is formed by stacking conductor films M1a to M1f in order from the lower layer. 
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[0055] The lowermost conductor film M1a is a film primarily for improving the adhesion between the 

first layer wiring M1 and the insulation film 2, and for forming a good quality conductor film M1b on 

the upper layer of conductor film M1a. This film is made of, for example, Ti. 

[0056] Conductor films M1b and M1f are barrier films primarily used to prevent wiring failure caused 

by stress migration, and are made, for example, of TiN. Conductor film M1c is a film primarily used to 

form a good quality conductor film M1d on top of conductor film M1c, and is made of, for example, Ti. 

[0057] Conductor film M1d forms the main part of the wiring and is made of, for example, Al or Al-Cu-

Si alloys. Conductor film M1e is, for example, made of Ti. 

[0058] The first layer wiring M1 is covered with an interlayer insulation film 3. This interlayer 

insulation film 3 is made, for example, of SiO₂. The second layer wiring M2 is formed on the upper 

surface of this interlayer insulation film 3. The second layer wiring M2 is formed by stacking conductor 

films M2a to M2e in order from the lower layer. 

[0059] The lowermost conductor film M2a is primarily for improving the adhesion between the first 

layer wiring M2 and the interlayer insulation film 3, and for forming a good quality conductor film M2b 

on top of conductor film M2a. This film is made, for example, of Ti. 

[0060] Conductor films M2b and M2e are primarily barrier films used to prevent wiring failure due to 

stress migration and other factors. These films are made, for example, of TiN. 

[0061] Conductor film M2c is primarily for forming a good quality conductor film M2d on top of 

conductor film M2c. It is made, for example, of Ti. Conductor film M2d forms the main part of the 

wiring and is made, for example, of Al or Al-Cu-Si alloys. 

[0062] The connection hole TH1 is formed in the interlayer insulation film 3 using photolithography 

techniques and etching techniques such as dry etching. Embedded within this connection hole TH1 are 

conductor films M2a, M2b of the second layer wiring and the embedded conductor film M3. The 

embedded conductor film M3 is made, for example, of tungsten or tungsten alloys, and is formed using a 

combination of blanket-W-CVD method and etch-back techniques. 

[0063] In other words, within the connection hole TH1, metals different from Al, which constitutes the 

main part of the wiring, are formed. When current flows through connection hole TH1 between the first 

layer wiring M1 and the second layer wiring M2, the conductor films M2a, M2b, and embedded 

conductor film M3 prevent the flow of Al atoms due to electromigration (EM). As a result, the flow of 

Al atoms is discontinuous at the interface between connection hole TH1 and the first layer wiring M1 

and second layer wiring M2. 

[0064] By the way, in this embodiment, the length Y of the connection hole TH1 in the direction 

orthogonal to the current flow is formed longer than the length X in the horizontal direction of the 

current flow. 

[0065] In other words, the area of the surface of the connection hole TH1 perpendicular to the direction 

of current flow is larger than the area of the surface in the horizontal direction of current flow. This 

configuration allows current to be distributed across the connection hole TH1, preventing high current 

density from becoming localized at the connection hole TH1 and its surrounding wiring regions. 

[0066] For that reason, the movement of Al atoms at the point where electrons flow out of the 

connection hole TH1 in the wiring system can be suppressed, thereby preventing the formation of voids 

near the connection hole TH1. In addition, the accumulation of Al atoms at the point where electrons 

flow into the connection hole TH1 can also be suppressed, preventing the formation of hillocks near the 

connection hole TH1. 

[0067] In other words, by improving the EM resistance in the wiring system (wiring and connection hole 

portions), the reliability and yield of the semiconductor integrated circuit device can be improved. 

[0068] (Embodiment 2) Fig. 11 shows a plan diagram of a main part of the wiring system of a 

semiconductor integrated circuit device in another embodiment of this invention. 
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[0069] In this embodiment, as shown in Fig. 11, two connection holes TH2, TH2 are arranged in the 

overlapping region between the first layer wiring M1 and the second layer wiring M2 to electrically 

connect the first layer wiring M1 and the second layer wiring M2. These two connection holes TH2, 

TH2 are arranged in a direction orthogonal to the direction of current flow. It should be noted that the 

cross-sectional structure is the same as the one shown in Fig. 2 of the aforementioned Embodiment 1, so 

the explanation is omitted. 

[0070] In other words, in this Embodiment 2, the connection holes TH2, TH2 that electrically connect 

the first layer wiring M1 and second layer wiring M2 are arranged so that the area of the surface 

perpendicular to the direction of current flow is larger than the area of the surface in the horizontal 

direction of current flow. 

[0071] As a result, it is possible to disperse the current in the connection hole TH2 portion, thereby 

suppressing high current density from becoming localized at the connection hole TH2 and its 

surrounding wiring regions. 

[0072] For that reason, at the point in the wiring system where electrons flow out of connection hole 

TH2, the movement of Al atoms can be suppressed, thus preventing the formation of voids. In addition, 

at the point where electrons flow into the connection hole TH2, the accumulation of Al atoms can also 

be suppressed, preventing the formation of hillocks. 

[0073] Therefore, by improving the EM resistance in the wiring system, it becomes possible to enhance 

the reliability and yield of the semiconductor integrated circuit device. 
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[0074] (Embodiment 3) Fig. 12 is a plan diagram of a main part of the wiring system of a semiconductor 

integrated circuit device according to another embodiment of this invention. 

[0075] In this Embodiment 3, it is shown that the first layer wiring M1 and the second layer wiring M2, 

which extend perpendicularly to each other, are electrically connected through one connection hole TH3 

in their overlapping region. It should be noted that the cross-sectional structure is the same as that used 

in Fig. 2 of aforementioned Embodiment 1, so the explanation is omitted. 

[0076] In addition, in this Embodiment 3, the lower first layer wiring M1 is formed to be narrower than 

the upper second layer wiring M2. Furthermore, the length X in the direction perpendicular to the 

current flowing in the narrower first layer wiring M1 within the connection hole TH3 is determined to 

achieve high EM resistance first, while the length Y in the direction perpendicular to the current flowing 

in the wider second layer wiring M2 is set to be equal to or greater than that length X. 

[0077] In other words, in this Embodiment 3, the area of the surface perpendicular to the direction of 

current flowing in the narrower first layer wiring M1 within the connection hole TH3 is set to improve 

EM resistance. 

[0078] In addition, since the area of the surface perpendicular to the direction of current flowing in the 

wider second layer wiring M2 within the connection hole TH3 is set to be larger than that of the first 

layer wiring M1, the EM resistance on the second layer wiring M2 side of connection hole TH3 is also 

improved. 

[0079] This configuration allows for good dispersion of the current in the connection hole TH3 portion, 

making it possible to suppress high current density from becoming localized at the connection hole TH3 

and its surrounding wiring regions. 

[0080] For that reason, at the point in the wiring system where electrons flow out of connection hole 

TH3, the movement of Al atoms can be suppressed, thus preventing the formation of voids. In addition, 

at the point where electrons flow into the connection hole TH3, the accumulation of Al atoms can be 

suppressed, preventing the formation of hillocks. 

[0081] In other words, by improving the EM resistance in the wiring system, it becomes possible to 

enhance the reliability and yield of the semiconductor integrated circuit device. 

[0082] (Embodiment 4) Fig. 13 to Fig. 18 each represent a main part plan diagram of the wiring system 

of a semiconductor integrated circuit device according to another embodiment of this invention. In this 

Embodiment 4, the state of the wiring system in each example of Fig. 13 to Fig. 18 is the same as that of 

the aforementioned Embodiment 3. It should be noted that since the cross-sectional structure is the same 

as shown in Fig. 2 used in the explanation of the aforementioned Embodiment 1, the explanation will be 

omitted. 

[0083] First, in the embodiment shown in Fig. 13, four connection holes TH4 are arranged at the 

intersections of a square lattice in the overlapping region between the first layer wiring M1 and the 

second layer wiring M2. 

[0084] In this case, the method of setting the length of the connection holes is the same as in the 

aforementioned Embodiment 3. In other words, the length of the connection holes in the direction 

perpendicular to the direction of current flowing through the narrower first layer wiring M1 is 

determined first to achieve high EM resistance, while the length of the connection holes in the direction 

perpendicular to the direction of current flowing through the wider second layer wiring M2 is set to be 

equal to that of the first layer wiring M1. 

[0085] It should be noted that here, the lengths of the connection holes in the direction perpendicular to 

the current flowing in the second layer wiring M2 and the first layer wiring M1 are both equal to the 

sum of the sides of two connection holes TH4. 

[0086] Next, in the embodiment shown in Fig. 14, six connection holes TH6 are arranged at the 

intersections of a square lattice in the overlapping region between the first layer wiring M1 and the 
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second layer wiring M2. The method of setting the length of the connection holes is the same as in the 

aforementioned Embodiment 3. 

[0087] However, from the perspective considering the effects of EM resistance, two connection holes 

TH5 are arranged in the width direction of the first layer wiring M1, and three connection holes TH5 are 

arranged in the width direction of the second layer wiring M2. 

[0088] Therefore, the length of the connection holes in the direction perpendicular to the direction of 

current flowing through the wider second layer wiring M2 is set to be longer than the length of the 

connection holes in the direction perpendicular to the direction of current flowing through the first layer 

wiring M1. 

[0089] It should be noted that here, the length of the connection holes in the direction perpendicular to 

the current flowing in the second layer wiring M2 is the sum of the sides of three connection holes TH5, 

while the length of the connection holes in the direction perpendicular to the current flowing in the first 

layer wiring M1 is the sum of the sides of two connection holes TH5. 

[0090] Next, in the embodiment shown in Fig. 15, three connection holes TH7 are arranged at both ends 

and corners of an L-shaped line in the overlapping region between the first layer wiring M1 and the 

second layer wiring M2. The method of setting the length of the connection holes is the same as in the 

aforementioned Embodiment 3. 

[0091] In this case, from the perspective considering the effects of EM resistance, two connection holes 

TH6 are arranged in the width direction of the first layer wiring M1, and two connection holes TH6 are 

also arranged in the width direction of the second layer wiring M2. 

[0092] Therefore, the length of the connection holes in the direction perpendicular to the direction of 

current flowing through the wider second layer wiring M2 is set to be equal to the length of the 

connection holes in the direction perpendicular to the direction of current flowing through the first layer 

wiring M1. 

[0093] It should be noted that here, the length of the connection holes in the direction perpendicular to 

the current flowing in the second layer wiring M2 is the sum of the sides of two connection holes TH6, 

and the length of the connection holes in the direction perpendicular to the current flowing in the first 

layer wiring M1 is also the sum of the sides of two connection holes TH6. 
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[0094] Next, in the embodiment shown in Fig. 17, two connection holes TH7 are arranged diagonally 

relative to each other in the overlapping region between the first layer wiring M1 and the first layer 

wiring M2. The method of setting the length of the connection holes is the same as in the 

aforementioned Embodiment 3. 

[0095] In this case, two connection holes TH7 are arranged in such a way that they are displaced in the 

width direction of each of the first layer wiring M1 and the second layer wiring M2, and are placed 

diagonally relative to each other. Therefore, the length of the connection holes in the direction 

perpendicular to the direction of current flowing through the wider second layer wiring M2 is set to be 

equal to the length of the connection holes in the direction perpendicular to the direction of current 

flowing through the first layer wiring M1. 

[0096] It should be noted that here, the length of the connection holes in the direction perpendicular to 

the direction of current flowing through the second layer wiring M2 is the sum of the sides of the two 

connection holes TH7, and the length of the connection holes in the direction perpendicular to the 

direction of current flowing through the first layer wiring M1 is also the sum of the sides of the two 

connection holes TH7. 

[0097] Next, in the embodiment shown in Fig. 17, for example, three connection holes TH8 are arranged 

at the intersections of a triangular lattice in the overlapping region between the first layer wiring M1 and 

the second layer wiring M2. The method of setting the length of the connection holes is the same as in 

the aforementioned Embodiment 3. 

[0098] However, in this case, the adjacent connection holes TH8 are not arranged in a straight line along 

the current direction flowing through the second layer wiring M2 but are positioned with a displacement 

in the diagonal direction. From the perspective considering the effects of EM resistance, two connection 

holes TH8 are arranged in the width direction of the first layer wiring M1, and three connection holes 

TH8 are arranged in the width direction of the second layer wiring M2, which is equivalent. 

[0099] Therefore, the length of the connection holes in the direction perpendicular to the direction of 

current flowing through the wider second layer wiring M2 is set to be longer than the length of the 

connection holes in the direction perpendicular to the direction of current flowing through the first layer 

wiring M1. 

[0100] It should be noted that the length of the connection holes in the direction perpendicular to the 

direction of current flowing through the second layer wiring M2 is the sum of the sides of three 

connection holes TH8, while the length of the connection holes in the direction perpendicular to the 

direction of current flowing through the first layer wiring M1 is the sum of the sides of two connection 

holes TH8. 

[0101] Next, in the embodiment shown in Fig. 18, for example, four connection holes TH9 are arranged 

at the intersections of a parallelogram-shaped lattice in the overlapping region between the first layer 

wiring M1 and the second layer wiring M2. The method of setting the length of the connection holes is 

the same as in the aforementioned Embodiment 3. 

[0102] However, in this case, the adjacent connection holes TH9 are not arranged in a straight line along 

the current direction flowing through the second layer wiring M2, but are positioned with a displacement 

in the diagonal direction. 

[0103] From the perspective considering the effects of EM resistance, two connection holes TH9 are 

arranged in the width direction of the first layer wiring M1, and four connection holes TH9 are arranged 

in the width direction of the second layer wiring M2, which is equivalent. 

[0104] Therefore, the length of the connection holes in the direction perpendicular to the direction of 

current flowing through the wider second layer wiring M2 is set to be longer than the length of the 

connection holes in the direction perpendicular to the direction of current flowing through the first layer 

wiring M1. 
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[0105] In the embodiments shown in Fig. 13 to Fig. 18, as in the aforementioned Embodiment 3, it is 

possible to improve the EM resistance of the wiring system, thereby enhancing the reliability and yield 

of the semiconductor integrated circuit device. 

[0106] (Embodiment 5) Fig. 19 is a plan diagram of a main part of the wiring system of a semiconductor 

integrated circuit device according to another embodiment of this invention. 

[0107] In this Embodiment 5, as shown in Fig. 19, the first layer wiring M1 and the second layer wiring 

M2, which are orthogonal to each other, are electrically connected via connection hole TH10. 

[0108] In this Embodiment 5, for example, the first layer wiring M1 at the lower layer is formed thinner 

than the second layer wiring M2 at the upper layer. Since the cross-sectional structure is the same as the 

Fig. 2 used in the description of aforesaid Embodiment 1, the explanation is omitted. 

[0109] However, in this Embodiment 5, for example, the tip of the second layer wiring M2 overlaps 

parallel to the tip of the first layer wiring M1 at the lower layer, and is formed extending in the direction 

of extension of the first layer wiring M1. Two connection holes TH10 are arranged in the width 

direction of the first layer wiring M1 in the overlapping region of the extended portion of the second 

layer wiring M2 and the first layer wiring, which are parallel to each other. 

[0110] In other words, in this Embodiment 5, connection holes are not arranged in the orthogonal 

intersection region of the first layer wiring M1 and the second layer wiring M2, but rather, a region 

where they intersect in parallel is formed and the connection hole TH10 is arranged in that region. By 

this way, when arranging he connection hole TH10, it eliminates the need to consider two directions of 

wiring as in aforesaid Embodiment 3, making it easier to set and arrange the connection hole TH10. 

[0111] Therefore, in this Embodiment 5, the number of connection holes TH10 can be set based on the 

one of the first layer wiring M1 or second layer wiring M2 with the higher current. 

[0112] Thus, in this Embodiment 5, in addition to the effects obtained in aforesaid Embodiment 1, an 

effect of making it easier to set and arrange the connection hole TH10 can be achieved. 

[0113] (Embodiment 6) Fig. 20(a),(b) show a main part cross-sectional view of a semiconductor 

integrated circuit device of another embodiment of this invention, and Fig. 21 to Fig. 24 are cross-

sectional diagrams of main parts of the wiring system formation process of the semiconductor integrated 

circuit device shown in Fig. 20(a). 
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[0114] In the semiconductor integrated circuit device of this Embodiment 6, as shown in Fig. 20(a), the 

structure of the first layer wiring M1, connection hole TH1, and the second layer wiring M2 differs from 

the structure of the aforesaid Embodiment 1. In other words, the first layer wiring M1 is formed by 

stacking conductor films M1g to M1i in order from the lower layer, the second layer wiring M2 is 

formed by stacking conductor films M2g to M2i in order from the lower layer, and in the connection 

hole TH1, the conductor film M2g of the second layer wiring and the embedded conductor film M3 are 

embedded. 

[0115] The thinnest conductor film M1g at the bottom of the first layer wiring M1 is, for example, a film 

primarily intended to improve the adhesion between the first layer wiring M1 and the insulation film 2, 

and is a film for forming a good-quality conductor film M1h on top of the conductor film M1g, such as 

Ti or TiN. In addition, the intermediate thick conductor film M1h is the film that constitutes the main 

part of the wiring, and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The topmost thin 

conductor film M1i is made of, for example, TiN. 

[0116] The thinnest conductor film M2g at the bottom of the second layer wiring M2 is, for example, a 

film primarily intended to improve the adhesion between the second layer wiring M2 and the interlayer 

insulation film 3, and is a film for forming a good-quality conductor film M2h on top of the conductor 

film M2g, such as Ti, TiN, or a laminated film of Ti and TiN. In addition, the intermediate thick 

conductor film M2h is the film that constitutes the main part of the wiring, and is made of, for example, 

Al, Al-Cu alloy, or Al-Cu-Si alloy. The topmost thin conductor film M2i is made of, for example, TiN. 

[0117] The embedded conductor film M3 in connection hole TH1 is made of materials such as tungsten 

(W) or tungsten alloys, and as described later, it is formed using a combination of methods such as 

blanket W CVD and etch-back techniques. 

Therefore, in this Embodiment 6, a metal different from Al (conductor film M2h, M1h) that constitutes 

the main part of the wiring is embedded in connection hole TH1. For this reason, when current flows 

through the connection hole TH1 formed between the first layer wiring M1 and the second layer wiring 

M2, the conductor film M2g and embedded conductor film M3 block the flow of Al atoms caused by 

electromigration (EM), causing the flow of Al atoms to become discontinuous at the interface between 

connection hole TH1 and the first layer wiring M1 and the second layer wiring M2. 

[0118] However, in this Embodiment 6, using the same method as in the aforementioned Embodiments 

1 to 5, the current can be dispersed at the connection hole TH1, which prevents the current density from 

becoming locally high at the connection hole TH1 and its nearby wiring portions. For this reason, in the 

wiring system (wiring and connection hole parts), the movement of Al atoms can be suppressed at the 

locations where electrons flow out of connection hole TH1, and the formation of voids near connection 

hole TH1 can be prevented. In addition, since the accumulation of Al atoms at the points where 

electrons flow into the connection hole TH1 can be suppressed, the formation of hillocks near 

connection hole TH1 can also be prevented. 

[0119] Therefore, in this Embodiment 6, the EM resistance of the wiring system that constitutes the 

semiconductor integrated circuit device can be improved, which can enhance the reliability and yield of 

the semiconductor integrated circuit device. 

[0120] Next, the embedding method of connection holes in the semiconductor integrated circuit device 

will be explained using Fig. 21 to Fig. 24, as an example of the manufacturing process of the 

semiconductor integrated circuit device shown in Fig. 20(a). 

[0121] Fig. 21 shows a cross-sectional view of a main part during the manufacturing process of the 

semiconductor integrated circuit device. The semiconductor substrate 1 is made of, for example, single-

crystal Si, and predetermined semiconductor integrated circuit elements are formed in the element 

formation region on its main surface. An insulation film 2, made of materials such as silicon dioxide 

(SiO₂), is formed on the upper surface of the semiconductor substrate 1, and the first layer wiring M1 is 
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formed on top of it. This first layer wiring M1 is formed by stacking conductor films M1g to M1i in 

order from the lower layer. Also, an interlayer insulation film 3, made of materials such as silicon 

dioxide (SiO₂), is formed on the top surface of insulation film 2, covering the surface of the first layer 

wiring M1. 

[0122] First, as shown in Fig. 22, a connection hole TH1 is formed at a predetermined position of the 

interlayer insulation film 3 so that the top surface of the first layer wiring M1 (the top surface of 

conductor film M1i) is exposed, using photolithography and dry etching techniques. 

[0123] Next, as shown in Fig. 23, a thin conductor film M2g made of, for example, Ti or TiN is formed 

on the semiconductor substrate 1 by sputtering or a similar method. After that, a thick embedded 

conductor film M3 made of, for example, tungsten or a tungsten alloy is formed on the thin conductor 

film M2g using a CVD method or the like. At this stage, the embedded conductor film M3 is formed not 

only inside the connection hole TH1 but also in the area outside the connection hole TH1. 

[0124] By forming the embedded conductor film M3 via the CVD method such that its film thickness 

becomes greater than half (1/2) the diameter l of the hole to be filled, the embedded conductor film can 

be embedded into the connection hole TH1. 

[0125] Thereafter, by removing the upper layer portion of the embedded conductor film M3, for 

example by a CMP (Chemical Mechanical Polishing) method or an anisotropic dry etching method, as 

shown in Fig. 24, the embedded conductor film M3 is left only inside the connection hole TH1. It should 

be noted that, in this case, the conductor film M2g remains on the interlayer insulation film 3. 

[0126] After that, as shown in Fig. 20, a thick conductor film M2h made of, for example, Al, Al-Cu 

alloy, or Al-Cu-Si alloy is formed on the conductor film M2g and embedded conductor film M3 by a 

sputtering method or the like. Then, a thin conductor film M2i made of, for example, TiN is formed on 

its top surface by a sputtering method. Furthermore, the conductor films M2h and M2i are patterned 

using photolithography and dry etching techniques to form the second layer wiring M2. 
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[0127] It should be noted that, as shown in Fig. 20(b), the embedded conductor film M3 may also be 

formed of Al (an Al plug). The conductor films M1g, M1i, M2g, and M2i are composed of, for example, 

Ti, TiN, or a laminated film of Ti and TiN. Even in this case, the main parts of the wiring, which are 

composed of Al (i.e., conductor films M2h and M1h), are connected via conductor films M2g and M1i 

that are made of materials different from Al (conductor films M2h and M1h). For this reason, when 

current flows through the connection hole TH1 formed between the first layer wiring M1 and the second 

layer wiring M2, the conductor films M2g and M1i block the flow of Al atoms due to electromigration 

(EM), resulting in a discontinuity in the flow of Al atoms at the interfaces between the connection hole 

TH1 and the first layer wiring M1 as well as the second layer wiring M2. However, by adopting the 

same approach as in any of the aforesaid Embodiments 1 to 5, the EM resistance can similarly be 

improved. 

[0128] (Embodiment 7) Fig. 25 is a cross-sectional diagram of a main part of a semiconductor integrated 

circuit device according to another embodiment of this invention. 

[0129] In the semiconductor integrated circuit device of Embodiment 7, as shown in Fig. 25, the 

structure of the first layer wiring M1, the connection hole TH1 portion, and the second layer wiring M2 

differs from that of the aforesaid Embodiment 1. In other words, the first layer wiring M1 is formed by 

stacking conductor films M1j, M1k, and M1m in order from the lower layer, and the second layer wiring 

M2 is formed by stacking conductor films M2j, M2k, M2m, and M2n in order from the lower layer. 

Furthermore, the conductor films M2j and M2k of the second layer wiring M2 are embedded within the 

connection hole TH1. 

[0130] The lowermost thin conductor film M1j of the first layer wiring M1 is, for example, mainly 

intended to improve the adhesion between the first layer wiring M1 and the insulation film 2, and also to 

allow the formation of a high-quality conductor film M1k on its upper layer. It is made of, for example, 

Ti or TiN. In addition, the intermediate thick conductor film M1k constitutes the main part of the wiring 

and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The uppermost thin conductor film 

M1m is made of, for example, TiN. 

[0131] The lowermost thin conductor film M2j of the second layer wiring M2 is, for example, primarily 

intended to improve the adhesion between the second layer wiring M2 and the interlayer insulation film 

3, and to form a high-quality conductor film M2k on its upper layer. It is made of, for example, Ti or 

TiN. In addition, the conductor film M2k on its upper layer constitutes the main part of the wiring and is 

made of, for example, tungsten or a tungsten alloy. A portion of this conductor film M2k is embedded 

inside the connection hole TH1. In addition, the conductor film M2m on the upper layer constitutes the 

main part of the wiring and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The uppermost 

thin conductor film M2n is made of, for example, TiN. 

[0132] In this Embodiment 7, as well, a metal different from Al, which constitutes the main part of the 

wiring, is embedded inside the connection hole TH1. For this reason, when current flows between the 

first layer wiring M1 and the second layer wiring M2 through the connection hole TH1, the conductor 

films M2j and M2k block the flow of Al atoms due to electromigration (EM), resulting in a discontinuity 

in the flow of Al atoms at the interfaces between the connection hole TH1 and the first layer wiring M1 

as well as the second layer wiring M2. 

[0133] However, in Embodiment 7, by adopting a similar structure to the aforementioned Embodiments 

1 to 5, the current can be dispersed in the connection hole TH1, and the current density in the vicinity of 

the connection hole TH1 and its surrounding wiring can be suppressed from becoming locally high. 

For this reason, the movement of Al atoms at the location where electrons flow out from the connection 

hole TH1 in the wiring system can be suppressed, and the formation of voids near the connection hole 

TH1 can be prevented. 
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Also, since the accumulation of Al atoms at the location where electrons flow into the connection hole 

TH1 can be suppressed, the formation of hillocks near the connection hole TH1 can also be prevented. 

[0134] Therefore, in this Embodiment 7, the electromigration (EM) resistance of the wiring system 

constituting the semiconductor integrated circuit device can be improved, thereby improving the 

reliability and yield of the semiconductor integrated circuit device. 

[0135] To form such a structure, first, the thin conductor film M2j is formed, then a conductor film 

made of, for example, tungsten or a tungsten alloy is formed on its upper surface by a CVD method or 

the like. The upper portion of this conductor film is then removed using a CMP method or an anisotropic 

dry etching method so that the conductor film remains on the interlayer insulation film 3. This forms the 

conductor film M2k. After that, a thick conductor film M2m made of, for example, Al, Al-Cu alloy, or 

Al-Cu-Si alloy is formed on top of the conductor film M2k by sputtering or the like. Then, a thin 

conductor film M2n made of, for example, TiN is formed on the upper surface of M2m by sputtering. 

Finally, the conductor films M2k, M2m, and M2n are patterned using photolithography and dry etching 

techniques to form the second layer wiring M2. 

[0136] (Embodiment 8) Fig. 26 to Fig. 33 are plan diagrams of the main part of the wiring structure of a 

semiconductor integrated circuit device according to another embodiment of this invention. Fig. 34 to 

Fig. 36 are simulation diagrams of the current distribution in the connection hole portion. 

[0137] The wiring structure of the semiconductor integrated circuit device in Embodiment 8 will be 

explained below with reference to Fig. 26 to Fig. 33. Fig. 26 to Fig. 33 show plan diagrams of the wiring 

system provided in a single semiconductor integrated circuit device, where each diagram shows a 

connection hole TH formed simultaneously in the interlayer insulation film 3, and an embedded 

conductor film M3 simultaneously embedded in the connection hole TH (a connection hole of the same 

layer). In other words, Fig. 26 to Fig. 33 illustrate a case where multiple second layer wirings M2 with 

different wiring widths W are formed on the interlayer insulation film 3, and connection holes TH are 

formed in the interlayer insulation film 3. It should be noted that since the cross-sectional structure of 

the connection hole portion is the same as the one explained in the aforementioned Embodiments 1, 6, 7, 

such as Fig. 2, Fig. 20, or Fig. 25, the explanation is omitted here. In other words, the connection hole 

TH has an embedded conductor film M3, just as in the aforementioned Embodiments 1, 6, and 7. 
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[0138] Fig. 26 shows a state where the first layer wiring M1 and the second layer wiring M2, which 

extend perpendicular to each other, are electrically connected through a single connection hole TH11 in 

their overlapping region. In this case, both the first layer wiring M1 and the second layer wiring M2 are 

the minimum width wirings, and for each of them, the wiring width is the same at both parts where the 

connection hole TH1 is located and where it is not, and the overall shape of both wirings is a band shape 

with equal width. 

[0139] In addition, in Fig. 26, the symbol α indicates the alignment tolerance between the connection 

hole TH11 and the first layer wiring M1 and the second layer wiring M2. The wiring widths W0 and W1 

of the aforementioned first layer wiring M1 and second layer wiring M2 are set to satisfy the following 

relationships between the length X1, Y1 of the connection hole TH11 and the alignment tolerance α: 

W0 = X1 + 2α, 

W1 = Y1 + 2α. 

These wiring widths W0 and W1 need only satisfy the above conditions and are not particularly limited, 

but for example, they are approximately 0.4 μm. 

[0140] In addition, in this case, the connection hole TH11 is a connection hole with the minimum 

dimensions (i.e., the reference hole diameter for the connection hole formed in the interlayer insulation 

film 3). The length X1 of the second layer wiring M2 in the extending direction and the length Y1 

orthogonal to the extending direction of the second layer wiring M2 are nearly equal (X1 = Y1), and the 

overall shape in the design is square. The lengths X1 and Y1 are, for example, approximately 0.32 μm. 

In other words, W1 = W0. It should be noted that the shape of the connection hole TH11 will actually be 

rounded (e.g., circular or elliptical) in a state of being transferred. 

[0141] Fig. 27 shows a state where the first layer wiring M1 and the second layer wiring M2, which 

extend parallel to each other, are electrically connected through a single connection hole TH11 in their 

overlapping region. In this case, both the first layer wiring M1 and the second layer wiring M2 are the 

minimum width wirings, and for each of them, the wiring width is the same at both parts where the 

connection hole TH11 is located and where it is not, and the overall shape of both wirings is a band 

shape with equal width. 

[0142] The wiring widths W1 of the first layer wiring M1 and second layer wiring M2 are equal to each 

other, and are set to satisfy the relationship with the dimension Y1 of the connection hole TH11 and the 

alignment tolerance α as follows: 

W1 = Y1 + 2α. 

The wiring width W1 needs only satisfy the above condition and is not particularly limited, but for 

example, it is approximately 0.4 μm. 

[0143] In addition, in this case, the connection hole TH11 is the connection hole with the minimum 

dimensions, and the length X1 of the second layer wiring M2 in the extending direction and the length 

Y1 orthogonal to the extending direction of the second layer wiring M2 are nearly equal, and the overall 

shape in the design is square. However, the shape of the connection hole TH11 will be rounded (e.g., 

circular or elliptical) in a state of being actually transferred, as described in the previous case. 

[0144] Fig. 28 shows a state where the first layer wiring M1 and second layer wiring M2, which extend 

perpendicular to each other, are electrically connected through a single connection hole TH12 in their 

overlapping region. In the first layer wiring M1 and second layer wiring M2, the wiring widths W0 and 

W2 are equal at both the parts where the connection hole TH12 is located and where it is not, and the 

overall shape of both wirings is a band shape with equal width. In Fig. 28, the wiring width W0 (W0 = 

W1) of the first layer wiring M1 is the minimum width, as in the case of Fig. 26, but the wiring width 

W2 of the second layer wiring M2 is larger than the minimum width and smaller than twice the 

minimum width, that is, 2W1 - α > W2 > W1. This wiring width W2 of the second layer wiring M2 is 

set to satisfy the condition W2 = Y2 + 2α, in relation to the length Y2 of the connection hole TH12 and 
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the allowance α. In other words, the relationship 2Y1 + α > Y2 > Y1 is satisfied. Thus, the width of the 

overlapping region between the second layer wiring M2 with wiring width W2 and the first layer wiring 

M1 is larger than the width of the overlapping region between the second layer wiring M2 with wiring 

width W1 and the first layer wiring M1, and it is configured to be smaller than twice that width. The 

wiring width W2 and the dimension Y2 are not particularly limited, as long as they satisfy the above 

condition, but for example, the wiring width W2 is approximately 0.6 μm. 

[0145] In addition, in this case, the connection hole TH12 has a length Y2 in the direction perpendicular 

to the extending direction of the second layer wiring M2 that is longer than the length X2 in the 

extending direction of the second layer wiring M2. In other words, in the connection hole TH12, the area 

of the surface perpendicular to the direction of current flowing through the second layer wiring M2 is set 

to be larger than the area of the surface perpendicular to the direction of current flowing through the first 

layer wiring M1. 

[0146] Currently, in the design of semiconductor integrated circuit devices, the low allowable current 

value (EM resistance) of the wiring with connection holes has become a significant issue. In stacked 

wiring using high-melting-point materials and Al alloy layers, which have been used since the 

submicron process, the Al alloy layer between the upper and lower wirings is always discontinuous at 

the connection hole. Therefore, the current tends to concentrate in the wiring portion near the connection 

hole, causing voids (or hillocks) to form, which significantly lowers the allowable current value. For this 

reason, alleviating this current concentration is a key point in improving EM resistance, that is, 

improving the allowable current value. 

[0147] In this Embodiment 8, since the area of the surface perpendicular to the direction of current 

flowing through the second layer wiring M2 at the connection hole TH12 is set to be larger than the area 

of the surface perpendicular to the direction of current flowing through the first layer wiring M1, it is 

possible to improve the EM resistance on the second layer wiring M2 side of the connection hole TH12 

and thereby increase the allowable current value. 

[0148] By the way, to improve EM resistance, it is advantageous to have a larger planar area for the 

connection hole, and it is better to mix connection holes of various diameters between fine wiring parts 

and power supply wiring. However, in the process of embedding a conductor film in the connection 

hole, if the dimensions of the connection holes in the same layer differ, problems such as the following 

may arise. 
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[0149] First, as shown in the aforementioned Embodiment 6, when embedding a conductor film in the 

connection hole TH using etch back or similar methods, the etching rate of the embedded conductor film 

differs depending on the size of the connection hole's diameter. Specifically, the embedded conductor 

film within a connection hole that has a relatively large diameter is more likely to peel off compared to 

the embedded conductor film within a connection hole that has a relatively small diameter. For this 

reason, arranging connection holes of various diameters can lead to an increase in peeling of the 

embedded conductor film, and the peeled embedded conductor film may become foreign matter, 

resulting in decreased yield. 

Second, if the diameters of connection holes in the same layer differ, the growth rate of the conductor 

film during the embedding process varies according to the diameter of each connection hole, causing the 

state (height, thickness, etc.) of the embedded conductor film to differ for each connection hole. Due to 

these factors, the current layout rules only permit one type of diameter for connection holes in the same 

layer. 

[0150] Therefore, ideally, to increase the allowable current, it would be effective to arrange multiple 

small-diameter connection holes (for example, connection holes with the minimum diameter) in the 

wiring width direction. 

This approach would allow for an increase in the allowable current while also mitigating the issues of 

peeling of the embedded conductor film. However, in the case shown in Fig. 28, since the wiring width 

W2 of the second layer wiring M2 is smaller than twice the minimum line width W1, meaning that the 

relationship 2W1 - α > W2 holds, it is not possible to place two minimum-diameter connection holes 

TH11 side by side in the wiring width direction. In other words, if the wiring width W satisfies W ≥ 2Y1 

+ 3α = 2W1 - α, then two minimum-diameter connection holes TH11 can be arranged side by side. 

However, if the wiring width W is less than 2Y1 + 3α, two minimum-diameter connection holes TH11 

cannot be arranged side by side. Thus, the overlapping region width between the second layer wiring M2 

with wiring width W2 and the first layer wiring M1 is larger than the overlapping region width between 

the second layer wiring M2 with wiring width W1 and the first layer wiring M1, yet still constructed to 

be smaller than twice that width. 

[0151] Here, in the case of Fig. 28, considering the improvement of EM resistance and increasing the 

allowable current at the connection hole, it is conceivable to make the length in the width direction of 

the second layer wiring M2 at the connection hole longer than the length in the extending direction of 

the second layer wiring M2. However, simply setting dimensions in this way would leave unresolved 

issues such as the peeling of the embedded conductor film mentioned above. On the other hand, if only 

one minimum-diameter connection hole TH11 is arranged while considering the peeling problem of the 

embedded conductor film, the allowable current value at the connection hole would not differ greatly 

from that in the case shown in Fig. 26, resulting in a degraded structure. 

[0152] Thus, in this Embodiment 8, the length Y2 at the connection hole TH12 is made longer than the 

length X2, while ensuring that its planar area is approximately the same as the planar area of the 

minimum-diameter connection hole TH11 (X1 × Y1 = X2 × Y2). In other words, at the connection hole 

TH12, the length Y1 of the minimum-diameter connection hole TH11 is extended to become length Y2, 

and the length X1 of the minimum-diameter connection hole TH11 is shortened by the same amount to 

become length X2. 

[0153] This allows for the maintenance of the current concentration mitigation effect while also making 

the etching rate of the embedded conductor film in connection hole TH12 approximately equal to that of 

the normal square connection hole TH11. For this reason, it is possible to improve EM resistance 

(allowable current value) and avoid issues related to peeling of the embedded conductor film. 

[0154] In this way, when multiple second layer wirings M2 with different wiring widths W1 and W2 are 

arranged on the interlayer insulation film 3, a connection hole with wiring width W1 is formed at 
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connection hole TH11, and a connection hole with wiring width W2 (2W1 - α > W2 > W1) is formed at 

connection hole TH12, thus improving EM resistance. 

[0155] Although it is not particularly limited, the length X2 of connection hole TH12 is approximately 

0.2 μm, and the length Y2 is approximately 0.5 μm. The shape of connection hole TH12 will have a 

rounded configuration in the actual transferred state, similar to the above. Connection hole TH12, as 

shown in Fig. 28, is effective, for example, at the connection point between minimum line width wiring 

and power supply wiring. 

[0156] Fig. 29 shows a state where first layer wiring M1 and second layer wiring M2, which extend 

parallel to each other, are electrically connected through a single connection hole TH12 in their 

overlapping region. The wiring widths W2 of both first layer wiring M1 and second layer wiring M2 are 

equal. Other than that, since it is the same as in the case of Fig. 28, the explanation is omitted. 

[0157] Fig. 30 shows a state where first layer wiring M1 and second layer wiring M2, which extend 

perpendicularly to each other, are electrically connected through two identical-sized connection holes 

TH11 (the same as in Fig. 26) in their overlapping region. The two connection holes TH11 are arranged 

along a direction that is orthogonal to the direction of current flow. In other words, the connection holes 

TH11 are arranged such that the area of the surface oriented perpendicular to the direction of current 

flowing in the relatively larger cross-sectional area of second layer wiring M2 is greater than the area of 

the surface oriented horizontally in the direction of current flow in the relatively larger cross-sectional 

area of second layer wiring M2. This arrangement allows for improved EM resistance at the connection 

between first layer wiring M1 and second layer wiring M2, thereby increasing the allowable current 

value. In addition, since the arranged connection holes TH11 are the same as those in Fig. 26, issues 

such as peeling of the embedded conductor film during the process of embedding the conductor film 

within the connection hole do not arise. 

[0158] In Fig. 30, the wiring width W0 of first layer wiring M1 is the same as the minimum line width 

in the case of Fig. 26, while the wiring width W3 of second layer wiring M2 is larger than twice the 

minimum line width. In both first layer wiring M1 and second layer wiring M2, the wiring widths W0 

and W3 are uniform in sections where the two connection holes TH11 are arranged and where they are 

not, resulting in an overall band-like shape with equal widths. The wiring width W3 of second layer 

wiring M2 is set to satisfy the condition W3 = 2Y1 + 2α + β in relation to the lengths of connection hole 

TH11 Y2 and the allowances α and β. This wiring width W3 need only satisfy the aforementioned 

condition and is not particularly limited; for example, it may be approximately 0.8 μm. It should be 

noted that the allowance β is the alignment allowance between connection holes TH11 and is equal to 

the alignment allowance α. 
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[0159] Fig. 31 shows a state where first layer wiring M1 and second layer wiring M2, which extend 

parallel to each other, are electrically connected through two connection holes TH11 in their overlapping 

region. The wiring widths W3 of both first layer wiring M1 and second layer wiring M2 are equal. Other 

than that, since it is the same as in the case of Fig. 30, the explanation is omitted. 

[0160] In this way, when multiple second layer wirings M2 with different wiring widths W1, W2, W3 

are arranged on the interlayer insulation film 3, a connection hole TH11 is formed based on the 

minimum hole diameter (reference hole diameter) on the interlayer insulation film 3. By providing a 

connection hole TH11 or a connection hole TH12 with a nearly the same planar area as connection hole 

TH11 according to the wiring width, the EM resistance of the wiring can be improved. It should be 

noted that when the wiring width of second layer wiring M2 is greater than or equal to W3, various 

arrangements of connection holes TH are possible within the scope that does not change the essence of 

this invention. 

[0161] In Fig. 32(a), instead of arranging two connection holes TH11 as in Fig. 30, a rectangular 

connection hole TH13 is arranged. In this case, the length Y2 of connection hole TH13 in the direction 

perpendicular to the extension direction of second layer wiring M2 is longer than the length X2 in the 

extension direction of second layer wiring M2. In other words, the area of the surface perpendicular to 

the direction of current flow in the wider second layer wiring M2 within connection hole TH13 is set to 

be larger than the area of the surface perpendicular to the current direction in the first layer wiring M1. 

[0162] In addition, the length Y3 of connection hole TH13 is made longer than the length X3, but its 

planar area is made almost the same as the planar area of the minimum-sized connection hole TH11. In 

other words, in connection hole TH13, the length Y1 of the minimum-sized connection hole TH11 is 

extended to length Y3, and the length X1 of the minimum-sized connection hole TH11 is shortened to 

length X3 by the same amount. 

[0163] With these adjustments, while maintaining the current concentration mitigation effect, it is 

possible to make the etching rate of the embedded conductor film embedded within connection hole 

TH13 nearly the same as that of the normal square connection hole TH11. It is possible to improve the 

EM resistance (tolerable current value) and avoid issues such as the peeling of the embedded conductor 

film. 

[0164] Although it is not particularly limited, the length X3 of connection hole TH13 may be 

approximately 0.43 μm, and the length Y3 may be approximately 0.21 μm. The shape of connection 

hole TH13 in its actual transferred state will be rounded as described above. 

[0165] Fig. 32(b) shows the state where first layer wiring M1 and second layer wiring M2, extending 

parallel to each other, are electrically connected through a single connection hole TH13 in their 

overlapping region. The wiring widths W3 of both first layer wiring M1 and second layer wiring M2 are 

equal. Since this is the same as in the case of Fig. 32(a), the explanation is omitted. 

[0166] Fig. 33 shows an example of wiring widths where the second layer wiring M2 has a wiring width 

W4 larger than wiring width W3, to the point that two connection holes TH12 cannot be arranged in 

parallel. In this case, by arranging connection holes TH11 and TH12 in parallel, the EM resistance can 

be improved. Naturally, if the wiring width W4 allows two connection holes TH12 to be arranged in 

parallel, it is also acceptable to arrange two connection holes TH12 in parallel. 

[0167] According to Embodiment 8, it is possible to improve the EM resistance of the wiring connection 

part, and by avoiding issues such as the peeling of the embedded conductor film inside the connection 

hole, it is possible to improve the yield and reliability of semiconductor integrated circuit devices. 

[0168] Next, the simulation results of the current density distribution in the connection hole part will be 

explained with reference to Fig. 34 to Fig. 36. Fig. 34 is a perspective diagram of the outer shape of the 

simulated orthogonal wiring. In other words, first layer wiring M1 and second layer wiring M2 are 

formed in directions orthogonal to each other, and the connection hole TH is placed in the overlapping 
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area between them. The two wirings are electrically connected through this connection hole. The width 

of the first layer wiring M1 is approximately 0.6 μm, and the width of the second layer wiring M2 is 

approximately 1 μm. 

[0169] Fig. 35 shows the simulation results for the case in Fig. 28. The hatching indicates the current 

density distribution, with the intensity of the hatching corresponding to the density of the current. In Fig. 

36, the simulation results are shown for the case where the connection hole has a square shape. In Fig. 

36, the regions of current density that are almost the same as in Fig. 35 are marked with the same 

hatching. From Figs. 35 and 36, it can be seen that a connection hole with a rectangular shape results in 

a more relaxed current concentration compared to a connection hole with a square shape. In other words, 

in Fig. 36, there are regions with high current density at the edges of the connection hole, whereas in 

Fig. 35, there is no corresponding current density distribution. 

[0170] Fig. 51 is a cross-sectional diagram of the main part of the semiconductor integrated circuit 

device of this embodiment. The MISFET transistor Tr has a pair of n-type semiconductor regions 10 as 

the source and drain, a gate insulation film 12, and a gate electrode 14. The semiconductor regions 10 

are formed within the substrate 1, and the region under the gate insulation film 12 between the 

semiconductor regions 10 serves as the channel formation region. The gate insulation film 12 is formed 

on the main surface of the substrate 1, and the gate electrode 14 is formed on top of the gate insulation 

film 12. The first layer wiring M1 is formed on the insulation film 2, and the first layer wiring M1 is 

electrically connected to the semiconductor regions 10 or the gate electrode 14 of the MISFET transistor 

Tr via the connection hole THa formed in the insulation film 2. An embedded conductor film M0 is 

formed inside the connection hole THa. The second layer wiring is formed on the interlayer insulation 

film 3, and the second layer wiring is electrically connected to the first layer wiring M1 via the 

connection hole TH6 formed in the interlayer insulation film 3. An embedded conductor film M3 is 

formed inside the connection hole TH6. A third layer wiring M10 is formed on the interlayer insulation 

film 6, and the third layer wiring M10 is electrically connected to the second layer wiring M2 via the 

insulation hole THc formed in the interlayer insulation film 6. An embedded conductor film M12 is 

formed inside the connection hole THc. It should be noted that the insulation films 2, interlayer 

insulation films 6, and 8 are flattened on their surfaces, for example, by CMP or similar methods. Fig. 

26 to Fig. 36 mainly explain the connection hole TH between the second layer wiring M2 and the first 

layer wiring M1. However, similar connection holes are also formed between the second layer wiring 

M2 and higher layer wiring, such as the connection hole between the second layer wiring M2 and the 

third layer wiring M3.  
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[0171] (Embodiment 9) Fig. 37 to Fig. 44 are the plan diagrams of the main part of the wiring for 

explaining the wiring structure of a semiconductor integrated circuit device of another embodiment of 

this invention. 

[0172] In Embodiment 9, the case where the part of the wiring where the connection hole is placed is 

formed to be wider (dockbone shape) compared to other parts is explained. Other than this, it is the same 

as the aforementioned Embodiment 8. 

[0173] Fig. 37 shows a state in which the first layer wiring M1 and second layer wiring M2, extending 

perpendicularly to each other, are electrically connected through a single connection hole TH11 in their 

overlapping region. In this case, both the first layer wiring M1 and second layer wiring M2 are wired 

with minimal line widths, and the width of the parts where the connection hole TH11 is placed is wider 

than the width of the parts where it is not placed.  

[0174] The width of the wide portions of the first layer wiring M1 and second layer wiring M2 

corresponds to the wiring widths W0 and W1 described in aforementioned Embodiment 8, and these 

wiring widths W0 and W1 are set to satisfy the conditions W0 = X1 + 2α and W1 = Y1 + 2α in relation 

to the lengths X1 and Y1 of the connection hole TH11, along with the allowance α. The wiring widths 

W0 and W1 only need to satisfy the above conditions and are not particularly limited; for example, they 

can be around 0.4 μm. In addition, the narrow portions of the first layer wiring M1 and second layer 

wiring M2 have wiring widths W00 and W10 that are equal to each other, and are set to satisfy the 

conditions W00 = W0 - 2α and W10 = W1 - 2α in relation to the wide portions' wiring widths W0 and 

W1. 

[0175] In addition, the connection hole TH11 in this case is the minimal dimension connection hole, 

with the length X1 in the extending direction of the second layer wiring M2 and the length Y1 

perpendicular to that extending direction being approximately equal, resulting in an overall square shape 

in its design. The lengths X1 and Y1 can be around 0.32 μm, for example. It should be noted that the 

shape of the connection hole TH11 will appear rounded in a state of being actually transferred. 

[0176] Fig. 38 shows a state in which the first layer wiring M1 and second layer wiring M2, extending 

parallel to each other, are electrically connected through a single connection hole TH11 in their 

overlapping region. Other than this, the explanation is omitted as it is the same as in the case of Fig. 37. 

[0177] Fig. 39 shows a state in which the first layer wiring M1 and second layer wiring M2, extending 

perpendicularly to each other, are electrically connected through a single connection hole TH12 in their 

overlapping region. In the case of Fig. 39, the width of the part where the connection hole TH12 is 

placed is also wider than the width of the parts where it is not placed for both the first layer wiring M1 

and second layer wiring M2. 

[0178] The first layer wiring M1 has the same minimal line width as in the case of Fig. 37, while the 

wide portion of the second layer wiring M2 has a wiring width W2 that is greater than the minimal line 

width and smaller than twice the minimal line width. The wiring width W2 of the wide portion of the 

second layer wiring M2 is set to satisfy the condition W2 = Y2 + 2α in relation to the length Y2 of the 

connection hole TH12 along with the allowance α. This wiring width W2 only needs to satisfy the 

conditions mentioned above and is not particularly limited; for example, it can be around 0.6 μm. In 

addition, the narrow portion of the second layer wiring M2 has a wiring width W20 that is set to satisfy 

the condition W20 = W2 - 2α in relation to the wide portion's wiring width W2. 

[0179] In addition, in this case, the length Y2 in the direction perpendicular to the extending direction of 

the second layer wiring M2 is longer than the length X2 in the extending direction of the second layer 

wiring M2 for the connection hole TH12. In other words, in the connection hole TH12, the area of the 

surface perpendicular to the direction of current flowing through the wide wiring of the second layer 

wiring M2 is set to be larger than the area of the surface perpendicular to the direction of current flowing 

through the first layer wiring M1. This configuration allows for an improvement in the EM resistance of 
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the connection hole TH12 on the second layer wiring M2 side, making it possible to increase the 

allowable current value.  

[0180] In addition, in this Embodiment 9, similarly to Embodiment 8, the length Y2 of the connection 

hole TH12 is made longer than the length X2, but its planar area is set to be approximately the same as 

the planar area of the minimum dimension connection hole TH11. In other words, in the connection hole 

TH12, the length Y1 of the minimum dimension connection hole TH11 is extended to become length 

Y2, and the extension is compensated by shortening the length X1 of the minimum dimension 

connection hole TH11 to become length X2. This allows for the maintenance of current concentration 

relaxation effects while ensuring that the etching rate of the embedded conductor film embedded within 

the connection hole TH12 is approximately equal to that of the normal square connection hole TH11. 

For this reason, it becomes possible to improve EM resistance (allowable current value) and to avoid 

issues related to the peeling of the embedded conductor film. 

[0181] Although it is not particularly limited, the length X2 of the connection hole TH12 is 

approximately 0.2 μm, while the length Y2 is approximately 0.5 μm. The shape of the connection hole 

TH12, in a state3 of being actually transferred, takes on a rounded shape as described above. Connection 

holes TH12 like those shown in Fig. 39 are effective, for example, at the junction between minimal line 

width wiring and power wiring. 
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[0182] Fig. 40 shows a state where the first layer wiring M1 and the second layer wiring M2, which 

extend parallel to each other, are electrically connected through a single connection hole TH12 in their 

overlapping region. The wide part wiring width W2 of both the first layer wiring M1 and the second 

layer wiring M2 is equal. Since the rest is the same as in the case of Fig. 39, the explanation will be 

omitted. 

[0183] Fig. 41 illustrates a state where the first layer wiring M1 and the second layer wiring M2, which 

extend perpendicularly to each other, are electrically connected through two connection holes TH11 (the 

same as Fig. 37) of the same size in their overlapping region. In the case of Fig. 41 as well, the width of 

the portion where connection hole TH11 is arranged is wider than the width of the portion where it is not 

arranged for both the first layer wiring M1 and the second layer wiring M2. 

[0184] The two connection holes TH11 are arranged along a direction perpendicular to the direction of 

the current flowing through the second layer wiring M2. In other words, the connection holes TH11 are 

configured such that in the connection holes connecting the first layer wiring M1 and the second layer 

wiring M2, the area of the surface perpendicular to the direction of the current flowing through the 

relatively large cross-sectional area of the second layer wiring M2 is larger than the area of the surface 

parallel to the direction of the current flowing through the relatively large cross-sectional area of the 

second layer wiring M2. This allows for an improvement in EM resistance at the connection point 

between the first layer wiring M1 and the second layer wiring M2, making it possible to increase the 

allowable current value. In addition, since the arranged connection hole TH11 is the same as that in Fig. 

37, there will be no issues such as the embedded conductor film peeling during the process of 

embedding the conductor film within the connection hole. 

[0185] In Fig. 41, the first layer wiring M1 is, like in the case of Fig. 37, wiring with a minimum line 

width, but the wiring width W3 of the wide portion of the second layer wiring M2 is larger than twice 

the minimum line width. The wiring width W3 of the wide portion of the second layer wiring M2 is set 

to satisfy the condition W3 = 2Y1 + 2α + β in relation to the length Y2 of the connection hole TH11 and 

the allowances α and β. This wiring width W3 must satisfy the aforementioned conditions and is not 

particularly limited; for example, it may be approximately 0.8 μm. It should be noted that the fitting 

allowance β is the fitting allowance between the connection holes TH11 and is equal to the fitting 

allowance α. In addition, the wiring width W30 of the narrow portion of the second layer wiring M2 is 

set to satisfy the condition W30 = W3 - 2α in relation to the wiring width W3 of the wide portion. 

[0186] Fig. 42 shows a state where the first layer wiring M1 and the second layer wiring M2, which 

extend parallel to each other, are electrically connected through two connection holes TH11 in their 

overlapping region. The wiring width W3 of the wide portion and the wiring width W30 of the narrow 

portion of both the first layer wiring M1 and the second layer wiring M2 are equal. Since the rest is the 

same as in the case of Fig. 41, the explanation will be omitted. 

[0187] In Fig. 43, instead of having two connection holes TH11 arranged as in Fig. 42, a rectangular 

connection hole TH13 is provided. In this case, the length Y2 of the connection hole TH13 in the 

direction perpendicular to the extension direction of the second layer wiring M2 is longer than the length 

X2 in the extension direction of the second layer wiring M2. In other words, the area of the surface 

perpendicular to the direction of the current flowing through the wide wiring of the second layer wiring 

M2 in the connection hole TH13 is set to be larger than the area of the surface perpendicular to the 

direction of the current flowing through the first layer wiring M1. 

[0188] In addition, the length Y3 of the connection hole TH13 is made longer than the length X3, but its 

planar area is set to be approximately the same as the planar area of the minimum dimension connection 

hole TH11. In other words, in the connection hole TH13, the length Y1 of the minimum dimension 

connection hole TH11 is extended to become length Y3, and the extended portion causes the length X1 

of the minimum dimension connection hole TH11 to be shortened to become length X3. 
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[0189] As a result, while maintaining the current concentration relaxation effects, it becomes possible to 

make the etching rate of the embedded conductor film embedded within the connection hole TH13 

nearly equal to that of the normal square connection hole TH11, thereby improving EM resistance 

(allowable current value) and avoiding issues such as the peeling of the embedded conductor film. 

[0190] Although it is not particularly limited, the length X3 of the connection hole TH13 may be 

approximately 0.43 μm, while the length Y3 may be approximately 0.21 μm. The shape of the 

connection hole TH13 will take on a rounded shape in a state of being actually transferred, as described 

above. 

[0191] Fig. 44 illustrates a state where the first layer wiring M1 and the second layer wiring M2, which 

extend parallel to each other, are electrically connected through a single connection hole TH13 in their 

overlapping region. The wiring width W3 of the wide portion and the wiring width W30 of the narrow 

portion of both the first layer wiring M1 and the second layer wiring M2 are equal. Since the rest is the 

same as in the case of Fig. 43, the explanation will be omitted. 

[0192] Thus, while the inventions made by the inventors have been specifically explained based on 

Embodiment 1 to 9, it goes without saying that this invention is not limited to the aforementioned 

embodiments and can be variously modified without deviating from the essence. 

[0193] For example, in the aforementioned Embodiments 1 to 9, the case of electrically connecting the 

first layer wiring and the second layer wiring has been explained as an example, but it is not limited to 

this and can be variously modified. For instance, this invention can also be applied in cases where the 

second layer wiring is electrically connected to the third layer wiring or where the first layer wiring is 

electrically connected to the third layer wiring. 

[0194] In addition, in the aforementioned Embodiments 1 to 9, the case where the conductor film with 

barrier functionality formed above and below the main part of the wiring is TiN has been explained; 

however, it is not limited to this and can be variously modified. For example, titanium tungsten (TiW) or 

tungsten may also be used. 
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[0195] In addition, in the aforementioned Embodiments 1 to 9, a case was explained where tungsten is 

embedded in the connection hole; however, it is not limited to this and can be variously modified. For 

example, this invention can also be applied in cases where aluminum (Al) is embedded. 

[0196] In addition, as shown in Fig. 45, this invention may also be applied to a connection hole structure 

without an embedded conductor film. In this case, the first layer wiring M1 is constructed by stacking 

the main part formed from conductor film M1d on top of a conductor film M1a that has a barrier 

function. Furthermore, the second layer wiring M2 is constructed by stacking the main part formed from 

conductor film M2d on top of a conductor film M2a that also has a barrier function. No tungsten or 

similar material is embedded in the connection hole. 

[0197] In addition, this invention can be applied to wiring where the main part is made of copper (Cu). 

In the case of Cu wiring, a barrier film such as tungsten is coated around the wiring to prevent the 

diffusion of Cu. Therefore, as in the aforementioned Embodiments 1 to 9, discontinuities in the flow of 

Cu atoms occur in or near the connection hole. 

[0198] In addition, in the aforementioned Embodiment 3, although the shape of the connection hole was 

set to rectangular, it is not limited to this and can be variously modified. For instance, it can be shaped 

like a T as shown in connection hole TH14 in Fig. 46. Alternatively, it can also take the form of an 

inverted L as shown in connection hole TH15 in Fig. 47. It can also be shaped like a hook as shown in 

connection hole TH16 in Fig. 48. 

[0199] In addition, as shown in Fig. 49, it may also extend along the diagonal of the overlapping area 

between the first layer wiring M1 and the second layer wiring M2. In this case, it becomes possible to 

increase the area of the surface intersecting with the current in connection hole TH17 without increasing 

the wiring width. 

[0200] In addition, as shown in Fig. 50, when the first layer wiring M1 and the second layer wiring M2 

are arranged horizontally as in the aforementioned Embodiment 1, a parallelogram-shaped connection 

hole TH18 may also be provided. In this case, it is also possible to increase the area of the surface 

intersecting with the current in connection hole TH18 without increasing the wiring width. 

[0201]  

[Effects of the invention] To briefly explain the effects obtained from the representative inventions 

disclosed herein, they are as follows: 

[0202] (1). According to this invention's semiconductor integrated circuit device, by ensuring that the 

area of the surface perpendicular to the direction of current flowing through the connection hole, which 

electrically connects two layers (upper and lower) of wiring extending parallel to each other, is larger 

than the area of the surface parallel to the direction of current flow, it becomes possible to disperse the 

current in the connection hole part, thereby suppressing high local current density in the connection hole 

and the nearby wiring parts. This enhances EM resistance within the wiring system, improving the 

reliability and yield of the semiconductor integrated circuit device. 

[0203] (2). According to this invention's semiconductor integrated circuit device, in a connection hole 

that electrically connects two layers (upper and lower) of wiring intersecting with each other, by 

ensuring that the area of the surface intersecting with the direction of current flowing through the 

smaller cross-sectional area wiring is equal to or greater than the area of the surface aligned with the 

direction of current in the smaller cross-sectional area wiring of two layers (upper and lower) of wiring, 

it becomes possible to effectively disperse the current in the connection hole part, thereby suppressing 

high local current density in the connection hole and the nearby wiring parts. This improves EM 

resistance within the wiring system, enhancing both the reliability and yield of the semiconductor 

integrated circuit device. 

[0204] (3). According to the semiconductor integrated circuit device of this invention, in the 

arrangement area of the connection hole that electrically connects two layers (upper and lower) of 
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wiring that intersect with each other, the two layers (upper and lower) of wiring are arranged to overlap 

in parallel with each other. One of the wiring ends is extended in the direction of the other wiring, and 

the connection hole is arranged such that the area of the surface intersecting the direction of current 

flowing through the wiring is larger than the area of the surface along the direction of the current in the 

wiring. This arrangement provides the effect described in (1), and it also makes the design and 

placement of the connection hole easier. 

[0205] (4). According to the semiconductor integrated circuit device of this invention, when the width of 

the overlapping region of the two parallel layers (upper and lower) of wiring is larger than the minimum 

wiring width and smaller than twice the minimum wiring width, the area of the surface intersecting the 

direction of the current flowing through the wiring in the connection hole is larger than the area of the 

surface along the direction of the current in the wiring. By setting the length of the connection hole in 

the width direction of the wiring to be longer than the length of the connection hole in the longitudinal 

direction of the wiring, current can be effectively dispersed in the connection hole area. This suppresses 

the local high current density in the connection hole and the surrounding wiring, improving the EM 

resistance of the wiring system and enhancing the reliability and yield of the semiconductor integrated 

circuit device. 

[0206] (5). According to the semiconductor integrated circuit device of this invention, when the width of 

the overlapping region of the two intersecting layers (upper and lower) of wiring is larger than the 

minimum wiring width and smaller than twice the minimum wiring width, the area of the surface 

intersecting the direction of the current flowing through the wiring in the connection hole is larger than 

the area of the surface along the direction of the current in the wiring. By setting the length of the 

connection hole in the width direction of the wiring to be longer than the length of the connection hole 

in the longitudinal direction of the wiring, current can be effectively dispersed in the connection hole 

area. This suppresses the local high current density in the connection hole and the surrounding wiring, 

improving the EM resistance of the wiring system and enhancing the reliability and yield of the 

semiconductor integrated circuit device. 
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[0207] (6). According to the semiconductor integrated circuit device of this invention, since the planar 

area of the connection holes within the same plane, including the aforementioned connection hole, is 

almost equal, in addition to the effects such as those described in (4), when performing the conductor 

film removal process (planarization process) in the embedding of the conductor film in all connection 

holes in the same plane, the amount of conductor film removal can be made almost uniform for all 

connection holes. Furthermore, when embedding the conductor film in the connection holes within the 

same plane, the deposition speed of the conductor film can be made almost uniform for all connection 

holes. For this reason, it is possible to avoid problems where the conductor film in a specific connection 

hole might peel off due to uneven removal amounts for each connection hole. Therefore, it is possible to 

improve the reliability and yield of the semiconductor integrated circuit device. 

[0208] (7). According to the semiconductor integrated circuit device of this invention, in the 

aforementioned (1) to (6), the upper and lower layer main parts of the wiring are electrically connected 

via a conductor film made of a different material from that of the main parts of the connection hole and 

the wiring. This improves the EM resistance, thereby enhancing the reliability of the semiconductor 

integrated circuit device. 

 

[Brief description of the figures]  

[Fig. 1] It is a plan diagram of a main part of the wiring system in the semiconductor integrated circuit 

device of this invention. 

[Fig. 2] It is a cross-sectional diagram along line II-II of Fig. 1. 

[Fig. 3] It is a schematic cross-sectional diagram showing the wiring and connection hole with an 

embedded conductor film that the inventors examined. 

[Fig. 4] It is a graph diagram comparing the relationship between current density and EM lifetime with 

and without the embedded conductor film in the connection hole. 

[Fig. 5] It is a graph diagram comparing the temperature dependence of EM lifetime with and without 

the embedded conductor film in the connection hole. 

[Fig. 6] It is a graph diagram showing the variation of EM lifetime. 

[Fig. 7] It is a photo observing the failure location of the material that resulted in disconnection during 

the EM test. 

[Fig. 8] It is an explanatory diagram showing the flow of electrons in the case of disconnection as 

illustrated in Fig. 7. 

[Fig. 9] It is an explanatory diagram showing the simulation results of the two-dimensional current 

density distribution around the connection hole with an embedded conductor film. 

[Fig. 10] (a) and (b) are explanatory diagrams showing the simulation results of the current density 

distribution when one and two connection holes with embedded conductor films are provided, 

respectively. 

[Fig. 11] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 12] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 13] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 14] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 15] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 
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[Fig. 16] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 17] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 18] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 19] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 20] (a) and (b) are cross-sectional diagrams of a main part of the wiring system of a semiconductor 

integrated circuit device according to another embodiment of this invention. 

[Fig. 21] It is a cross-sectional diagram showing a main part during the formation process of the wiring 

system of a semiconductor integrated circuit device according to another embodiment of this invention. 

[Fig. 22] It is a cross-sectional diagram of a main part continuing from Fig. 21 during the formation 

process of the wiring system in the semiconductor integrated circuit device. 

[Fig. 23] It is a cross-sectional diagram of a main part continuing from Fig. 22 during the formation 

process of the wiring system in the semiconductor integrated circuit device. 

[Fig. 24] It is a cross-sectional diagram of a main part continuing from Fig. 23 during the formation 

process of the wiring system in the semiconductor integrated circuit device. 

[Fig. 25] It is a cross-sectional diagram of a main part of the wiring system of a semiconductor 

integrated circuit device according to another embodiment of this invention. 

[Fig. 26] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 27] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 28] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 29] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 30] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 31] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 32] (a) and (b) are plan diagrams of the wiring system of a main part of a semiconductor integrated 

circuit device according to another embodiment of this invention. 

[Fig. 33] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 34] It is an explanation of the simulation of current density distribution in the connection hole 

portion of another embodiment of the semiconductor integrated circuit device of this invention. 

[Fig. 35] It is an explanation of the simulation of current density distribution in the connection hole 

portion of another embodiment of the semiconductor integrated circuit device of this invention. 

[Fig. 36] It is an explanation of the simulation of current density distribution in the connection hole 

portion of another embodiment of the semiconductor integrated circuit device of this invention. 

 

 

  

Page 63 of 75



(19) Japanese Patent Application Publication No. 10 (1998)-214893 

[Fig. 37] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 38] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 39] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 40] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 41] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 42] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 43] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 44] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 45] It is a cross-sectional diagram of a main part of the wiring system of a semiconductor 

integrated circuit device according to another embodiment of this invention. 

[Fig. 46] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 47] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 48] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 49] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 50] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit 

device according to another embodiment of this invention. 

[Fig. 51] It is a cross-sectional diagram of a main part of a semiconductor integrated circuit device 

according to another embodiment of this invention. 

 

[Description of the reference numerals]  

1: semiconductor substrate  

2: insulation film  

3: interlayer insulation film  

M1: first layer wiring  

M1a ~ M1k, M1 m: conductor film  

M2: second layer wiring  

M2a ~ M2k, M2m, M2n: conductor film  

TH1 ~ TH18: connection hole  

TH: connection hole  

M3: embedded conductor film  
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[Fig. 1]  

Fig. 1 
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[Fig. 2]  

Fig. 2 
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[Fig. 11]  

Fig. 11 
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[Fig. 3]  

Fig. 3 
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Fig. 4 
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[Fig. 7]  
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[Fig. 13]  
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[Fig. 19]  

Fig. 19 
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[Fig. 23]  
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[Fig. 32]  
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[Fig. 35]  
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[Fig. 40]  
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[Fig. 51] 

Fig. 51 
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