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MULTILAYER ANALOG INTERCONNECTING 
LINE LAYOUT FOR A MIXED-SIGNAL 

INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a mixed-signal 
integrated circuit, and more particularly to the interconnec 
tions in a mixed-signal integrated circuit. 

[0003] 2. Description of the Related Art 

[0004] Mixed-signal integrated circuits, Which incorporate 
both analog and digital circuitry, have become highly inte 
grated, sometimes comprising an entire system on a chip 
(SoC). Their analog circuitry typically includes high-preci 
sion loW-noise capacitors having a polysilicon-insulator 
polysilicon (PIP) or metal-insulator-metal (MIM) structure 
With unit capacitance values in the general range from half 
a femtofarad to tWo femtofarads per square micrometer (0.5 
fF/[JIIIZ to 2.0 fF/pmz). These capacitors are interconnected 
to complementary metal-oxide-semiconductor (CMOS), 
bipolar CMOS (BiCMOS), and other types of circuits. At 
high levels of integration, multiple interconnection layers 
become necessary, the interconnections being routed on 
complex paths including both horiZontal interconnecting 
lines and vertical contacts and vias. 

[0005] Contacts connect circuit elements to horiZontal 
interconnecting lines. A capacitor, for example, is typically 
connected to a horiZontal interconnecting line by multiple 
contacts, to enable the capacitor to be charged and dis 
charged rapidly. 
[0006] Vias interconnect horiZontal interconnecting lines 
in different layers. Normally tWo interconnecting lines are 
interconnected through a single via. This is particularly true 
in a highly integrated system-on-a-chip, in Which layout 
space is at a premium. 

[0007] The processes used to fabricate multilayer inter 
connections involve much use of ioniZed gases or plasmas. 
For example, the interlayer dielectric ?lms that provide 
electrical insulation betWeen different layers are often 
deposited by plasma-enhanced chemical vapor deposition 
(PE-CVD) or high-density plasma chemical vapor deposi 
tion (HDP-CVD). Contact holes and via holes are formed in 
the interlayer dielectric ?lms by plasma etching processes. 
Plasma etching is also used to fashion horiZontal intercon 
necting lines from metal ?lms. 

[0008] Since these plasma processes are carried out after 
the MIM or PIP capacitors have already been formed, some 
of the electrical charge of the plasma is transferred to the 
capacitors. Since the capacitors are almost alWays electri 
cally ?oating, the charge cannot easily escape to the sub 
strate or otherWise be removed. 

[0009] As a result, When a contact hole or via hole leading 
directly or indirectly to a capacitor is formed by plasma 
etching, considerable charge may already have accumulated 
in the capacitor. At the instant When the hole is completely 
opened, or slightly thereafter, the capacitor abruptly dis 
charges its accumulated charge through the hole into the 
plasma. When the via hole closest to the capacitor on the 
interconnection path is formed, the entire discharge is typi 
cally routed through a single via hole. 
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[0010] The sudden concentrated How of discharge current 
through a single via hole can damage the ?oor of the via 
hole. If, for example, the ?oor of the via hole comprises a 
titanium nitride ?lm formed on the surface of the underlying 
metal interconnecting line, this ?lm may be oxidiZed and 
denitri?ed by the discharge, as observed in electron micro 
scope studies by the inventor. If such damage occurs, then 
When the via hole is later ?lled With metal to form an 
interconnecting via, the via fails to make good electrical 
contact With the underlying metal interconnecting line, 
creating an abnormally high electrical resistance on the 
signal path. The analog circuit including the capacitor then 
acquires incorrect operating characteristics, or fails to oper 
ate at all. Investigations by the inventor have shoWn that this 
problem occurs When the total capacitance of the capacitor 
is 1700 fF or greater. 

[0011] Further information Will be given in the detailed 
description of the invention. 

SUMMARY OF THE INVENTION 

[0012] A general object of the present invention is to form 
a mixed-signal integrated circuit With correctly operating 
capacitive circuit elements. 

[0013] Amore speci?c object of the present invention is to 
prevent damage to via holes during the fabrication of a 
mixed-signal integrated circuit. 

[0014] The invented mixed-signal integrated circuit 
includes a metal-insulator-metal or polysilicon-insulator 
polysilicon capacitor and an interconnecting line coupled to 
the capacitor through at least tWo via holes formed in an 
interlayer dielectric ?lm deposited by, for example, a high 
density plasma deposition process. 

[0015] The coupling may pass through another intercon 
necting line. For example, the invented mixed-signal inte 
grated circuit may include a metal-insulator-metal or poly 
silicon-insulator-polysilicon capacitor, a ?rst 
interconnecting line connected to the capacitor through one 
or more contact holes, a ?rst interlayer dielectric ?lm formed 
on the ?rst interconnecting line, and a second interconnect 
ing line connected to the ?rst interconnecting line through at 
least tWo via holes formed in the ?rst interlayer dielectric 
?lm. There may also be a second interlayer dielectric ?lm 
formed on the ?rst interlayer dielectric ?lm and the second 
interconnecting line, and a third interconnecting line con 
nected to the second interconnecting line through at least 
tWo via holes formed in the second interlayer dielectric ?lm. 

[0016] The invention additionally provides a method of 
fabricating a mixed-signal IC having a metal-insulator-metal 
or polysilicon-insulator-polysilicon capacitor covered and 
surrounded by a ?rst interlayer dielectric ?lm, the ?rst 
interlayer dielectric ?lm having at least one contact hole 
extending to the capacitor, the method comprising: 

[0017] forming a ?rst interconnecting line on the ?rst 
interlayer dielectric ?lm, the ?rst interconnecting 
line being electrically connected to the capacitor 
through said at least one contact hole; 

[0018] depositing a second interlayer dielectric ?lm 
on the ?rst interlayer dielectric ?lm and the ?rst 
interconnecting line by a plasma deposition process; 
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[0019] forming at least tWo ?rst via holes in the 
second interlayer dielectric ?lm by a plasma etching 
process, the ?rst via holes extending to the ?rst 
interconnecting line; and 

[0020] forming a second interconnecting line on the 
second interlayer dielectric ?lm, the second inter 
connecting line being electrically connected to the 
?rst interconnecting line through the ?rst via holes. 

[0021] In this method, the plasma deposition process 
charges the capacitor, and the plasma etching process 
abruptly discharges the capacitor, but since the discharge 
current is divided among at least tWo via holes, the amount 
of discharge current ?oWing through each via hole is insuf 
?cient to damage the ?oor of the via hole. 

[0022] Preferably, the capacitor has a total capacitance of 
at least 1700 femtofarads. 

[0023] Preferably, the ?rst via holes have respective diam 
eters of at most 0.5 micrometer. 

[0024] Preferably, among all via holes formed in the 
miXed-signal IC, the ?rst via holes are electrically closest to 
the capacitor. 

[0025] The method may further comprise: 

[0026] depositing a third interlayer dielectric ?lm on 
the second interlayer dielectric ?lm and the second 
interconnecting line by a plasma deposition process; 

[0027] forming at least tWo second via holes in the 
third interlayer dielectric ?lm by a plasma etching 
process, the second via holes extending to the second 
interconnecting line; and 

[0028] forming a third interconnecting line on the 
third interlayer dielectric ?lm, the third interconnect 
ing line being electrically connected to the second 
interconnecting line through the second via holes. 

[0029] The mixed-signal IC may be a system-on-a-chip. 

[0030] The invention furthermore provides a method of 
laying out interconnections for a system-on-a-chip IC 
including a metal-insulator-metal or polysilicon-insulator 
polysilicon capacitor, the method comprising: 

[0031] routing a ?rst interconnecting line in a ?rst 
interconnection layer to a point above said capacitor, 
the capacitor being separated from the ?rst intercon 
nection layer by a ?rst interlayer dielectric ?lm; 

[0032] providing at least one contact hole in the ?rst 
interlayer dielectric ?lm for electrical connection of 
the ?rst interconnecting line to the capacitor; 

[0033] routing a second interconnecting line in a 
second interconnection layer to a point above the 
?rst interconnecting line in the ?rst interconnection 
layer, the ?rst interconnection layer being separated 
from the second interconnection layer by a second 
interlayer dielectric ?lm; and providing at least tWo 
?rst via holes in the second interlayer dielectric ?lm 
for electrical connection of the second interconnect 
ing line to the ?rst interconnecting line. 

[0034] Preferably, the capacitor has a total capacitance of 
at least 1700 femtofarads. 
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[0035] Preferably, the ?rst via holes have respective diam 
eters of at most 0.5 micrometer. 

[0036] Preferably, among all via holes formed in the 
system-on-a-chip IC, the ?rst via holes are electrically 
closest to the capacitor. 

[0037] The method may further comprise: 

[0038] routing a third interconnecting line in a third 
interconnection layer to a point above the second 
interconnecting line in the second interconnection 
layer, the second interconnection layer being sepa 
rated from the third interconnection layer by a third 
interlayer dielectric ?lm; and 

[0039] providing at least tWo second via holes in the 
third interlayer dielectric ?lm for electrical connec 
tion of the third interconnecting line to the second 
interconnecting line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] 
[0041] FIG. 1 is a sectional vieW of part of a mixed-signal 
integrated circuit embodying the present invention; 

[0042] FIG. 2 is a plan vieW of the part shoWn in FIG. 1; 

[0043] FIGS. 3, 4, 5, 6, and 7 are sectional vieWs illus 
trating steps in a fabrication process for the mixed-signal 
integrated circuit shoWn in FIG. 1; 

[0044] FIG. 8 is a sectional vieW of part of a conventional 
mixed-signal integrated circuit; 
[0045] FIG. 9 is a plan vieW of the part shoWn in FIG. 8; 

[0046] FIG. 10 is a graph shoWing total capacitance 
values at Which via-hole ?oor abnormalities are and are not 
observed in a conventional mixed-signal integrated circuit of 
the type illustrated in FIG. 8; and 

[0047] FIG. 11 is a sectional vieW of part of another 
mixed-signal integrated circuit embodying the present 
invention. 

In the attached draWings: 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] Mixed-signal integrated circuits (ICs) embodying 
the invention Will noW be described With reference to the 
attached draWings, in Which like elements are indicated by 
like reference characters. 

[0049] Referring to FIG. 1, in a ?rst embodiment, a 
mixed-signal IC includes a capacitor 2 having a loWer 
electrode 4 and an upper electrode 6 separated by a capacitor 
dielectric ?lm 8. The capacitor 2 may be an MIM capacitor, 
in Which case the upper and loWer electrodes 6, 4 are 
patterned metal ?lms, or a PIP capacitor, in Which case the 
upper and loWer electrodes 6, 4 are patterned polysilicon 
?lms. The capacitor 2 is covered and surrounded by a ?rst 
interlayer dielectric ?lm 10. 

[0050] The upper electrode 6 is electrically coupled 
through contact holes 12 ?lled With tungsten contacts to a 
?rst interconnecting line 14 in a ?rst interconnection layer 
formed on the surface of the ?rst interlayer dielectric ?lm 
10. This ?rst interconnection layer is covered by a second 
interlayer dielectric ?lm 16, on the surface of Which a 
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second interconnecting line 18 is formed as part of a second 
interconnection layer. The ?rst interconnecting line 14 is 
coupled to the second interconnecting line 18 through a pair 
of via holes 20 formed in the second interlayer dielectric ?lm 
16. The second interconnecting line 18 is interconnected 
through a third via hole 22 in the second interlayer dielectric 
?lm 16 to another interconnecting line 24 in the ?rst 
interconnection layer. The purpose of routing the intercon 
nection through the second interconnecting line 18 is to pass 
over tWo further interconnecting lines 26 in the ?rst inter 
connection layer. A liner 28 is formed on the surface of the 
interconnecting lines 14, 24, 26 in the ?rst interconnection 
layer. 

[0051] The interconnecting lines 14, 18, 24, 26 may be 
formed of aluminum, and the liner 28 of titanium nitride, 
although the invention is not limited to these materials. 

[0052] FIG. 2 shoWs a plan vieW of this part of the circuit, 
also shoWing an interconnecting line 30 that Was not visible 
in FIG. 1, Which is connected to the loWer electrode 4 of the 
capacitor 2. 

[0053] All MIM or PIP capacitors in the mixed-signal IC 
having total capacitance values of 1700 fF or more are 
formed as illustrated in FIGS. 1 and 2, With tWo via holes 
20 at the ?rst point, as seen from the capacitor, at Which the 
electrical path from the upper electrode 6 is routed betWeen 
tWo different interconnection layers. 

[0054] Next, a fabrication process for the invented mixed 
signal IC Will be described. Only the steps that form the 
capacitor and interconnections shoWn in FIG. 1 Will be 
described. 

[0055] Referring to FIG. 3, the loWer electrode 4, capaci 
tor dielectric ?lm 8, and upper electrode 6 of the capacitor 
2 are formed by Well-known deposition and patterning 
processes. The ?rst interlayer dielectric ?lm 10 is then 
deposited by plasma-enhanced chemical vapor deposition 
(PE-CVD), a process that charges the capacitor 2. 

[0056] Referring to FIG. 4, the ?rst interlayer dielectric 
?lm 10 is patterned by photolithography folloWed by a 
plasma etching process to form the contact holes 12 leading 
to the upper electrode 6 of the capacitor 2. This process is 
thought ?rst to discharge, then to recharge the capacitor 2. 
The discharge does not damage the ?oors of the contact 
holes 12 because the discharge current is distributed over a 
plurality of contact holes. The desirable number of contact 
holes 12 depends on the siZe of the capacitor 2; as many 
contact holes 12 as needed to obtain satisfactorily rapid 
operation (charging and discharging) of the capacitor 2 
should be provided. 

[0057] The contact holes 12 are then ?lled With tungsten 
to form metal contacts. It is thought that the charge stored in 
the capacitor 2 so far is retained during this process. 

[0058] The invention is not limited to the use of tungsten 
to ?ll the contact holes. Other conductive materials may be 
used instead. 

[0059] Referring to FIG. 5, the ?rst interconnection layer, 
including interconnecting lines 14, 24, 26 and their liners 28, 
is formed by Well-known deposition, photolithography, and 
etching processes in Which a thin aluminum ?lm, for 
example, is deposited on the ?rst interlayer dielectric ?lm 
10, a very thin titanium nitride ?lm is deposited on the 
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aluminum ?lm, and the tWo ?lms are etched to create the 
interconnection pattern. The etching process is a plasma 
etching process that adds further charge to the capacitor 2, 
the charge being conducted to the upper electrode 6 through 
the tungsten contacts in the contact holes 12. 

[0060] Referring to FIG. 6, the second interlayer dielectric 
?lm 16 is deposited to cover the ?rst interconnection layer. 
This deposition process is carried out by a plasma deposition 
process such as PE-CVD or high-density plasma chemical 
vapor deposition (HDP-CVD). If the HDP-CVD process is 
used, the second interlayer dielectric ?lm 16 may be referred 
to as an HDP dielectric ?lm. Further charge is conducted to 
the capacitor 2 from the plasma through the ?rst intercon 
necting line 14 and the tungsten plugs in the contact holes 
12. 

[0061] Next, the second interlayer dielectric ?lm 16 is 
patterned by plasma etching to form via holes 20, 22. When 
the etching process reaches the liner 28 that forms the 
surface of the ?rst interconnecting line 14, the charge that 
has accumulated in the capacitor 2 in the preceding steps 
discharges through the tWo via holes 20 into the plasma. 
Since the discharge is divided among tWo via holes, each via 
hole 20 receives only half of the discharge current. The via 
holes 20, 22 are then ?lled With tungsten. 

[0062] Referring to FIG. 7, the second interconnection 
layer, including the second interconnecting line 18, is 
formed by conventional ?lm deposition, photolithography, 
and plasma etching processes. During the plasma etching 
process, the capacitor 2 is charged again, but the How of 
charging current is divided betWeen the tWo via holes 20. 

[0063] By avoiding having the capacitor 2 charge or 
discharge through a single via hole during the fabrication 
process, the present invention avoids damage to the liner 28, 
and enables a good electrical connection to be formed and 
maintained betWeen the tungsten metal in the via holes 20 
and the metal of the ?rst interconnecting line 14. 

[0064] For comparison, FIGS. 8 and 9 shoW a conven 
tional mixed-signal IC having only one via hole 20 at the 
?rst point, as seen from the capacitor, at Which the electrical 
path from the upper electrode 6 of the capacitor 2 is routed 
from the ?rst interconnection layer to the second intercon 
nection layer. From the standpoint of integration density, one 
via hole is better than tWo, and since one via provides 
adequate conductivity betWeen metal interconnecting lines, 
provision of just one via hole is the normal practice, espe 
cially in highly integrated system-on-a-chip ICs. 
[0065] Aside from having only one via hole 20 betWeen 
interconnecting lines 14 and 18, this mixed-signal IC is 
identical to the one in FIGS. 1 and 2, and it is fabricated by 
the process illustrated in FIGS. 3 to 7. When the second 
interlayer dielectric ?lm 16 is patterned to form the via holes 
20, 22, all of the charge that has accumulated in the capacitor 
2 in the preceding fabrication steps discharges through the 
single via hole 20. The level of discharge current ?oW 
through the single via hole 20 can become high enough to 
produce signi?cant damage, in the form of anode oxidation, 
to the liner 28. If this happens, then When the via hole 20 is 
?lled With tungsten, an inadequate electrical coupling is 
formed betWeen the tungsten and the ?rst interconnecting 
line 14. As a result, in the completed IC, the capacitor 2 
charges and discharges more sloWly than intended, and the 
circuit fails to operate as designed. 
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[0066] FIG. 10 shows data obtained by the inventor for six 
capacitors in conventional mixed-signal ICs of the type 
illustrated in FIGS. 8 and 9, each having a single via hole 
20 at the ?rst point at Which the electrical path from the 
upper electrode of the capacitor is routed from the ?rst 
interconnection layer to the second interconnection layer. 
The total capacitance of the capacitor 2 is indicated on the 
vertical axis, total capacitance being the product of the unit 
capacitance and the surface area of the capacitor. The 
occurrence or non-occurrence of abnormalities in the liner 
28 at the bottom of the via hole 20 is indicated on the 
horiZontal axis. Abnormalities Were observed in the three 
cases in Which the total capacitance exceeded 1700 fF, and 
Were not observed in the three cases in Which the total 
capacitance Was less than 1700 fF. It can be concluded that 
multiple via holes are particularly advisable When the total 
capacitance of the capacitor exceeds 1700 fF. 

[0067] The occurrence of damage to the liner 28 is also 
related to the siZe of the via holes. The damage indicated in 
FIG. 10 occurred in via holes With diameters of half a 
micrometer (0.5 pm) or less. 

[0068] Referring to FIG. 11, in a second embodiment of 
the invention, the mixed-signal IC has three interconnection 
layers. The IC in FIG. 11 includes all of the elements shoWn 
in the ?rst embodiment. In addition, a liner 32 of titanium 
nitride, for example, is formed on the second interconnect 
ing line 18. A third interlayer dielectric ?lm 34 is deposited 
on the second interlayer dielectric ?lm 16 and second 
interconnecting line 18 by a plasma deposition process such 
as PE-CVD or HDP-CVD. Apair of via holes 36 are formed 
in the third interlayer dielectric ?lm 34 by plasma etching, 
and are ?lled With tungsten. A third interconnecting line 38 
is formed on the third interlayer dielectric ?lm 34, and is 
electrically coupled to the second interconnecting line 18 
through the pair of tungsten plugs in the via holes 36. 

[0069] The fabrication process for the second embodiment 
is similar to the fabrication process for the ?rst embodiment, 
the steps that form the liner 32, the third interlayer dielectric 
?lm 34, the via holes 36, and the third interconnecting line 
38 being essentially a repetition of the steps that formed the 
liner 28, the second interlayer dielectric ?lm 16, the via 
holes 20, 22, and the second interconnecting line 18 in the 
?rst embodiment. The capacitor 2 is charged during the 
deposition of the third interlayer dielectric ?lm 34, and 
discharged When the via holes 36 are formed, but since the 
discharge current is divided betWeen tWo via holes 20, 
damage to liner 28 is avoided, and since the discharge 
current is also divided betWeen tWo via holes 36, damage to 
the liner 32 is avoided. 

[0070] The number of via holes 20 provided betWeen the 
?rst and second interconnecting lines 14, 18 is not limited to 
the tWo holes shoWn in FIGS. 1, 2, and 11. If necessary, 
three or more via holes can be provided to reduce the How 
of charge and discharge current through each via hole still 
further, thereby providing a higher level of protection from 
damage to the liner 28 during the fabrication process. 
Similarly, three or more via holes 36 may be provided 
betWeen the second interconnecting line 18 and the third 
interconnecting line 38 in FIG. 11. 

[0071] If the IC has more than three layers of intercon 
nections, multiple via holes may also be provided for the 
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higher layers in a similar Way, to avoid having the capacitor 
2 discharge through a single via hole at any point during the 
fabrication process. 

[0072] In general, in each interlayer dielectric ?lm, mul 
tiple via holes are necessary only at the ?rst point at Which 
the electrical path from the capacitor 2 is routed through that 
interlayer dielectric ?lm from an interconnecting line in a 
loWer layer to an interconnecting line in a higher layer, since 
this is the point through Which the capacitor 2 discharges 
during the fabrication process. For example, a single via 
hole 22 suf?ces in FIGS. 1 and 11 because When the via 
holes 20, 22 in the second interlayer dielectric ?lm 16 are 
formed, the capacitor 2 is not yet coupled to via hole 22, and 
When the capacitor 2 discharges during the formation of via 
holes 36 in FIG. 11, the discharge takes place through via 
holes 20, second interconnecting line 18, and via holes 36, 
not through via hole 22. With certain interconnection topolo 
gies, hoWever, the capacitor 2 can discharge through a via 
hole similar to via hole 22 during the fabrication process, in 
Which case multiple via holes Would be advisable at this 
point. In any case, multiple via holes are alWays advisable at 
the via that is electrically closest to the capacitor 2. 

[0073] Those skilled in the art Will recogniZe that further 
variations are possible Within the scope of the invention, 
Which is de?ned in the appended claims. 

1. A semiconductor device having a mixed-signal inte 
grated circuit, comprising: 

a metal-insulator-metal or polysilicon-insulator-polysili 
con capacitor; 

a ?rst interlayer dielectric ?lm formed over the capacitor; 

a ?rst interconnecting line formed on the ?rst interlayer 
dielectric ?lm, the ?rst interconnecting line being 
coupled to the capacitor through a plurality of ?rst via 
holes formed in the ?rst interlayer dielectric ?lm; 

a second interlayer dielectric ?lm formed over the ?rst 
interconnecting line; and 

a second interconnecting line formed on the second 
interlayer dielectric ?lm, the second interconnecting 
line being coupled With the ?rst interconnecting line 
through a plurality of second via holes formed in the 
second interlayer dielectric ?lm. 

2. (cancelled) 
3. The semiconductor device of claim 1, Wherein the 

capacitor has a total capacitance of at least 1700 femtofar 
ads. 

4. The semiconductor device of claim 1, Wherein the 
plurality of ?rst via holes have respective diameters of at 
most 0.5 micrometer. 

5. The semiconductor device of claim 1, Wherein among 
all via holes in the semiconductor device, at least tWo of the 
plurality of ?rst via holes are electrically closest to the 
capacitor. 

6. (cancelled) 
7. (cancelled) 
8. The semiconductor device of claim 1, Wherein the 

mixed-signal integrated circuit is a system-on-a-chip. 
9. A semiconductor device having a mixed-signal inte 

grated circuit, comprising: 
a metal-insulator-metal or polysilicon-insulator-polysili 

con capacitor; 
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a ?rst interconnecting line connected to the capacitor 
through at least one contact hole; 

a ?rst interlayer dielectric ?lm formed on the ?rst inter 
connecting line; and 

a second interconnecting line formed on the ?rst inter 
layer dielectric ?lm, the second interconnecting line 
directly coupled to the ?rst interconnecting line through 
at least tWo via holes formed in the ?rst interlayer 
dielectric ?lm. 

10. (cancelled) 
11. (cancelled) 
12. The semiconductor device of claim 9, Wherein the 

capacitor has a total capacitance of at least 1700 femtofar 
ads. 

13. The semiconductor device of claim 9, Wherein said at 
least tWo via holes have respective diameters of at most 0.5 
micrometer. 

Oct. 28, 2004 

14. The semiconductor device of claim 9, Wherein among 
all via holes in the miXed-signal IC, said at least tWo via 
holes are electrically closest to the capacitor. 

15. The semiconductor device of claim 9, further com 
prising: 

a second interlayer dielectric ?lm disposed on the ?rst 
interlayer dielectric ?lm and the second interconnect 
ing line; and 

a third interconnecting line formed on the second inter 
layer dielectric ?lm, electrically coupled to the second 
interconnecting line through at least tWo via holes 
formed in the second interlayer dielectric ?lm. 

16. The semiconductor device of claim 9, Wherein the 
mixed-signal integrated system is a system-on-a-chip. 


