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(57) ABSTRACT 

Dummy patterns are formed in signal patterns of a ?rst metal 
layer, an insulating ?lm covering such patterns is ?attened 
by CMP, and only dummy patterns are selectively etched by 
anisotropic etching through holes opened at speci?c inter 
vals. Then the opened holes are ?lled With an insulating ?lm, 
and cavities are formed. In the upper part of the cavity, a 
signal line of the second metal layer is formed. As a result, 
a semiconductor device is provided by the CMP ?attening 
technology Without being accompanied by increase of para 
sitic capacity betWeen signal lines by metal dummy patterns 
or shorting due to dust and the like. 
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SEMICONDUCTOR DEVICE AND ITS 
MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device and its manufacturing method, and more particularly 
to a multi-layer metal Wiring technology. 

[0002] Hitherto, in a semiconductor device having metal 
Wiring of tWo or more layers, When the loWer surface of the 
metal Wiring layer is ?attened by CMP (chemical mechani 
cal polishing) technology, a dummy pattern is generally 
disposed for enhancement of its ?atness. 

[0003] FIG. 27 is a sectional vieW shoWing a constitution 
for disposing tWo-layer metal Wiring on a semiconductor 
device. After forming a semiconductor element, an inter 
layer insulating ?lm 6, and the like on a silicon substrate 1, 
the metal Wiring layer of ?rst layer is patterned by litho 
graphic technology and reactive ion etching technology. As 
a result, a signal line pattern 2 and a dummy pattern 3 for 
enhancing the ?atness in the subsequent CMP process are 
formed. 

[0004] Consequently, after depositing an SiO2 interlayer 
insulating ?lm 4 by plasma CVD technology, the interlayer 
insulating ?lm 4 is ?attened by the CMP technology so that 
the metal pattern of the ?rst layer may not be eXposed. Same 
as in the ?rst layer, neXt, the signal line pattern 5 is patterned 
by the lithographic technology and reactive ion etching 
technology. In this Way, in the metal Wiring layer of the ?rst 
layer, a dummy pattern 3 is present besides the signal line 2 
and poWer source Wire actually used as Wiring. 

[0005] In such conventional constitution, by placing the 
dummy pattern for enhancing the ?atness in CMP ?attening 
process, a problem of increase of parasitic capacity betWeen 
signal lines occurs. As the parasitic capacity betWeen signal 
lines increases, not only the signal propagation speed is 
loWered, but also the noise resistance of the device drops. 
Besides, oWing to the dummy pattern, the resistance to dust 
becomes Weaker, and the signal lines are shorted, and 
probability of loWering of yield becomes higher. Still Worse, 
since the dummy pattern is in an electrically ?oating state, 
simulation by circuit simulator is dif?cult, and the circuit 
design is very dif?cult. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention is devised to solve the afore 
mentioned problems, and it is hence an object thereof to 
provide a semiconductor device manufactured by CMP 
?attening process not accompanied by increase of parasitic 
capacity betWeen signal lines due to metal dummy pattern 
used for CMP ?attening, shorting due to dust and the like, 
or complication of circuit design, and a method of manu 
facturing the same. 

[0007] To achieve the aforementioned object, according to 
the present invention, after completion of ?attening by CMP, 
a dummy pattern is selectively etched by anisotropic etching 
through holes opened at speci?c intervals, and the opened 
holes are ?lled With an insulating ?lm, and a cavity is 
formed. By forming a cavity in the portion of the dummy 
pattern in this manner, it is intended to solve the problem of 
parasitic capacity and dif?culty of circuit design. 
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[0008] That is, the semiconductor device of the present 
invention comprises Wiring patterns and dummy patterns 
formed on a ?rst insulating ?lm, a second insulating ?lm 
provided in a region on the ?rst insulating ?lm containing 
the Wiring patterns and dummy patterns, having the surface 
?attened by CMP, and second Wiring patterns disposed on 
the second insulating ?lm, in Which the dummy patterns are 
formed selectively in cavities. 

[0009] A semiconductor device manufacturing method of 
the present invention comprises a step of forming plural 
Wiring patterns and plural dummy patterns on the ?rst 
insulating ?lm, a step of depositing a second insulating ?lm 
in a region on the ?rst insulating ?lm including the plural 
Wiring patterns and dummy patterns, a step of ?attening the 
surface of the second insulating ?lm by using the CMP 
technology, a step of selectively providing opening holes in 
the second insulating ?lm on the plural dummy patterns, a 
step of etching the dummy patterns through the opening 
holes, a step of depositing a third insulating ?lm in a region 
on the second insulating ?lm including the opening holes, 
and a step of forming second Wiring patterns on the third 
insulating ?lm. 

[0010] Since the dummy patterns are selectively etched by 
the anisotropic etching after completion of ?attening by 
CMP, cavities are formed in the dummy patterns. As a result, 
the parasitic capacity betWeen the signal lines decreases, and 
complication of circuit design can be prevented. 

[0011] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0012] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0013] FIG. 1 is a sectional structural diagram for eXplain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0014] FIG. 2 is a perspective vieW for explaining a CMP 
technology; 
[0015] FIG. 3 is a sectional structural diagram for eXplain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0016] FIG. 4 is a sectional structural diagram for eXplain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0017] FIG. 5 is a sectional structural diagram for eXplain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0018] FIG. 6 is a sectional structural diagram for eXplain 
ing a manufacturing process of a semiconductor device of 
the present invention; 
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[0019] FIG. 7 is a sectional structural diagram for explain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0020] FIG. 8 is a sectional structural diagram for explain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0021] FIG. 9 is a sectional structural diagram for explain 
ing a manufacturing process of a semiconductor device of 
the present invention; 

[0022] FIG. 10 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0023] FIGS. 11A and 11B are plan vieWs shoWing a 
constitution of a semiconductor device of the present inven 
tion; 

[0024] FIGS. 12A and 12B are plan vieWs shoWing a 
constitution of a semiconductor device of the present inven 
tion; 

[0025] FIG. 13 is a sectional vieW for explaining the 
operation of a semiconductor device of the present inven 
tion; 

[0026] FIG. 14 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0027] FIG. 15 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0028] FIG. 16 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0029] FIG. 17 is a plan vieW for explaining a manufac 
turing process of a semiconductor device of the present 
invention; 

[0030] FIG. 18 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0031] FIG. 19 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0032] FIG. 20 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0033] FIG. 21 is a plan vieW for explaining a manufac 
turing process of a semiconductor device of the present 
invention; 

[0034] FIG. 22 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0035] FIG. 23 is a plan vieW for explaining a manufac 
turing process of a semiconductor device of the present 
invention; 

[0036] FIG. 24 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 
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[0037] FIG. 25 is a sectional structural diagram for 
explaining a manufacturing process of a semiconductor 
device of the present invention; 

[0038] FIG. 26 is a plan vieW for explaining a manufac 
turing process of a semiconductor device of the present 
invention; and 

[0039] FIG. 27 is a sectional structural diagram shoWing 
a constitution of a conventional semiconductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Referring to the draWings, preferred embodiments 
of the present invention are described in detail beloW. 

[0041] FIG. 1 to FIG. 10 shoW the manufacturing process 
of a semiconductor device having metal Wiring, and are 
sectional vieWs for explaining part of the manufacturing 
process of the present invention having a dummy pattern 
etching step. 

[0042] First, as shoWn in FIG. 1, on a P-type silicon single 
crystal substrate 1, for example, a MOSFET (not shoWn) and 
an element separation region 7 are formed by a knoWn 
technology. Then, a phosphorus-containing SiO2 ?lm is 
deposited as an interlayer insulating ?lm 6 in 7000 ang 
stroms by chemical vapor phase groWth method, and it is 
further ?attened by CMP technology. 

[0043] This CMP is a technology of ?attening the ?lm on 
the Wafer While etching by a complex process of chemical 
reaction and mechanical polishing betWeen the ?lm to be 
polished and the abrasive. The apparatus consists of, as 
shoWn in FIG. 2, a head 20 sucking the Wafer With the 
surface doWn, and a table 21 on Which an independently 
rotating polishing cloth is adhered, and the head 20 is 
pressed against the table 21 While injecting the abrasive to 
polish. 

[0044] The CMP technology is applied in ?attening of the 
interlayer insulating ?lm, burying of multi-layer metal, or 
burying of poly-Si into trench, and it is used in mass 
production since start of manufacture of 64M DRAM. When 
the ?lm to be polished varies, aside from the polishing 
condition (applied load, table rotating number and the like), 
the abrasive and polishing cloth are different. As abrasive 
particles, colloidal silica, cerium oxide, aluminum oxide and 
the like may be used. As the polishing cloth, various types 
may be used, including soft and stiff materials, and ?at and 
?uted materials. 

[0045] In application of CMP in device manufacturing 
process, What is important is the method of detecting the end 
point to determine When to stop polishing, and the method 
of cleaning after CMP process. As the end point detecting 
method, the polishing time is calculated from the polishing 
rate to the ?lm thickness to be polished, and the end point 
is detected. Besides, since the CMP is cutting of Wafer 
surface by abrasive, in principle, it is a process accompanied 
by generation of particles, and the Wafer surface is contami 
nated by metal impurities and the like in the abrasive, and 
hence after-process cleaning is important. As the method of 
cleaning, What is most general is the brushing method for 
removing particles physically. Since several kinds of ?lms 
appear on the surface after CMP, particles and metal impu 
rities must be removed from all of them. To remove them, 
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surface active agents and the like are added, and the removal 
level is considerably improved. 

[0046] After such ?attening by CMP, as shoWn in FIG. 3, 
a metal Wiring ?lm 11 (Al—Si—Cu alloy or the like) is 
formed in a thickness of 7000 angstroms by sputtering. 
Consequently, as shoWn in FIG. 4, the metal Wiring of the 
?rst layer is patterned by lithographic technology and reac 
tive ion etching (RIE) technology. As a result, the Wiring 2 
used as signal line and dummy pattern 3 for enhancing the 
?atness in CMP ?attening are formed. 

[0047] Consequently, as shoWn in FIG. 5, an SiO2 inter 
layer insulating ?lm 8 is deposited in 14000 angstroms by 
plasma CVD technology. Then, as shoWn in FIG. 6, the 
interlayer insulating ?lm 8 is ?attened by the CMP technol 
ogy so that the metal patterns 2, 3 of the ?rst layer may not 
be exposed. 

[0048] Next, as shoWn in FIG. 7, by the lithographic 
technology and reactive ion etching technology in the con 
dition for selectively etching the interlayer insulating ?lm 8, 
opening holes for dummy pattern etching, that is, holes 9 are 
opened. In succession, as shoWn in FIG. 8, by using an 
etching solution mixing sulfuric acid and hydrogen peroxide 
by 1:1, the metal pattern 3 of the ?rst layer used as dummy 
pattern is selectively etched anisotropically. 

[0049] As shoWn in FIG. 9, sequentially, in order to plug 
the holes 9 opened for dummy pattern etching, an SiO2 
interlayer insulating ?lm 10 is deposited by 7000 angstroms 
again by plasma CVD technology. As a result, the holes 9 are 
?lled With the insulating ?lm 10. Then, a through-hole for 
coupling the metal of the ?rst layer and the metal of the 
second layer is formed by lithographic technology and 
reactive ion etching technology (not shoWn). 

[0050] As the metal Wiring ?lm of the second layer, a 
metal Wiring ?lm (Al—Si—Cu alloy or the like) is formed 
in 7000 angstroms by sputtering, and the metal Wiring of the 
second layer is patterned by lithographic technology and 
reactive ion etching technology as shoWn in FIG. 10. As a 
result, the Wiring 5 used as the signal line of the metal Wiring 
of the second layer is formed. Then, forming a passivation 
?lm by a knoWn technology, the pad portion is selectively 
opened as electrode. 

[0051] The dummy pattern shape of the present invention 
for enhancing the ?atness in the case of CMP ?attening, and 
various examples of constitution and operation of opening 
holes for etching the dummy pattern are explained beloW by 
referring to FIG. 11 to FIG. 26. 

[0052] FIG. 11A is a plan vieW shoWing an example of 
constitution of forming a relatively large dummy pattern as 
compared With the Wiring pattern 2, etching this dummy 
pattern through plural opening holes 9, and forming cavities 
12. FIG. 11B is a plan vieW of fabricating up to the second 
layer Wiring pattern 5 of the upper layer as compared With 
the constitution in FIG. 11A. 

[0053] FIG. 12A shoWs an example of constitution of 
forming plural rectangular dummy patterns in the Wiring 
pattern 2, etching the dummy patterns through individual 
opening holes 9, and forming cavities 12. FIG. 12B is a plan 
vieW of fabricating up to the second layer Wiring pattern 5 
of the upper layer as compared With the constitution in FIG. 
12A. 
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[0054] FIG. 13 is a sectional vieW of composing the 
second layer metal Wiring of the upper layer in the upper part 
of the cavity. As shoWn in the diagram, When the second 
layer metal Wiring 5 is formed on the cavity 12, the parasitic 
capacity CP of the upper layer Wiring includes the space 
portion of the cavity 12. As a result, the delay of the signal 
transmitted through the second layer metal Wiring 5 may be 
smaller as compared With the case in Which the dummy 
pattern is present as metal pattern. 

[0055] FIG. 14 to FIG. 26 are diagrams for explaining 
part of the manufacturing process of the semiconductor 
device according to the present invention, by forming plural 
dummy patterns in metal Wirings, etching these dummy 
patterns selectively, and forming cavities. 

[0056] First, as shoWn in FIG. 14, on a P-type silicon 
single crystal substrate 1, for example, an element separation 
region 7 and MOSFET (not shoWn) are formed by a knoWn 
technology. Then, a phosphorus-containing SiO2 interlayer 
insulating ?lm 6 is deposited in 7000 angstroms by chemical 
vapor phase groWth method, and it is further ?attened by 
CMP technology. 

[0057] Next, as shoWn in FIG. 15, a metal Wiring ?lm 11 
(Al—Si—Cu alloy or the like) is formed in 7000 angstroms 
by sputtering technology. 
[0058] As shoWn in FIG. 16, consequently, the metal layer 
of ?rst layer is patterned by lithographic technology and 
reactive ion etching technology by RIE. As a result, the 
Wiring 2 used as signal line and dummy pattern 3 for 
enhancing the ?atness in ?attening are formed. FIG. 17 
shoWs a plan vieW at this time. In this Way, the dummy 
pattern 3 for enhancing the ?atness When ?attening is 
divided into plural sections. 

[0059] Then, as shoWn in FIG. 18, an SiO2 interlayer 
insulating ?lm 8 is deposited in 14000 angstroms by plasma 
CVD technology. Next, as shoWn in FIG. 19, the SiO2 
interlayer insulating ?lm 8 is ?attened by CMP technology 
so that the ?rst layer metals 2, 3 may not be exposed. 

[0060] Consequently, as shoWn in FIG. 20, by litho 
graphic technology, opening holes 9 for dummy pattern 
etching are formed selectively in the interlayer insulating 
?lm 8. Aplan vieW at this time is shoWn in FIG. 21. Of the 
divided dummy patterns, only those free from problem in 
strength When cavities are formed are opened to form holes 
9. 

[0061] As shoWn in FIG. 22, by a chemical solution 
mixing sulfuric acid and hydrogen peroxide, the ?rst layer 
metal pattern used as dummy pattern is selectively removed. 
FIG. 23 shoWs a plan vieW at this time. The arranged 
dummy patterns are removed so as to be free from problem 
in strength. 

[0062] Next, as shoWn in FIG. 24, to plug the holes 9 
opened for removing the dummy pattern, an SiO2 interlayer 
insulating ?lm 19 is deposited in 7000 angstroms again by 
plasma CVD technology. As a result, the holes 9 are ?lled 
With the insulating ?lm. Then, a through-hole for coupling 
the metal of the ?rst layer and the metal of the second layer 
is formed by lithographic technology and reactive ion etch 
ing technology (not shoWn). 
[0063] As the metal Wiring ?lm of the second layer, an 
Al—Si—Cu alloy is formed in 7000 angstroms by sputter 
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ing, and the metal Wiring of the second layer is patterned by 
lithographic technology and reactive ion etching technology 
as shoWn in FIG. 25. As a result, the Wiring 5 used as the 
signal line of the metal Wiring of the second layer is formed. 
FIG. 26 is a plan vieW at this time. Then, a passivation ?lm 
is formed by a knoWn technology, the pad portion is selec 
tively opened as electrode. 

[0064] In the description of the foregoing embodiments, 
the ?rst layer metal is used in forming the dummy pattern, 
but SiN, poly-Si, carbon or the like may be also used. When 
such material is used, by forming ?lms of such materials 
after forming the metal Wiring of the ?rst layer, and pat 
terning the ?lms by lithographic technology, the dummy 
patterns can be formed. 

[0065] As described herein, according to the present 
invention, the ?atness of the CMP can be enhanced by using 
the dummy pattern, and the parasitic capacity of the Wiring 
can be substantially decreased. In the circuit design, more 
over, metal Wiring of ?oating is not needed, and the dif?cult 
of circuit design is extremely improved. 

[0066] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. A semiconductor device comprising: 

Wiring patterns and dummy patterns formed on a ?rst 
insulating ?lm, and 

a second insulating ?lm composed in a region on the ?rst 
insulating ?lm including the Wiring patterns and the 
dummy patterns, With the surface being ?attened, 

Wherein the dummy patterns are selectively formed in 
cavities. 

2. The device according to claim 1, Wherein second Wiring 
patterns are further composed on the second insulating ?lm. 

3. The device according to claim 2, Wherein the cavities 
are formed in the loWer part of the second Wiring patterns. 

4. The device according to claim 1, Wherein the Wiring 
patterns and the dummy patterns excluding the cavities are 
formed of a same material. 

5. The device according to claim 2, Wherein the Wiring 
patterns and the dummy patterns excluding the cavities are 
formed of a same material. 

6. The device according to claim 1, Wherein the Wiring 
patterns and the dummy patterns excluding the cavities are 
formed of a metal material. 

7. The device according to claim 2, Wherein the Wiring 
patterns and the dummy patterns excluding the cavities are 
formed of a metal material. 
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8. A semiconductor device comprising: 

Wiring patterns and dummy patterns of a different material 
from the Wiring patterns formed on a ?rst insulating 
?lm, and 

a second insulating ?lm composed in a region on the ?rst 
insulting ?lm including the Wiring patterns and the 
dummy patterns, With the surface being ?attened. 

9. The device according to claim 8, Wherein the material 
of the dummy patterns is carbon. 

10. The device according to claim 8, Wherein the material 
of the dummy patterns is polycrystalline Si. 

11. The device according to claim 8, Wherein the material 
of the dummy patterns is SiN. 

12. A method of manufacturing a semiconductor device 
comprising: 

a step of forming plural Wiring patterns and plural dummy 
patterns on a ?rst insulating ?lm, 

a step of depositing a second insulating ?lm in a region on 
the ?rst insulating ?lm including the plural Wiring 
patterns and dummy patterns, 

a step of ?attening the surface of the second insulating 
?lm by using the CMP technology, 

a step of selectively providing opening holes in the second 
insulating ?lm on the plural dummy patterns, 

a step of etching the dummy patterns through the opening 
holes, and 

a step of depositing a third insulating ?lm in a region on 
the second insulating ?lm including the opening holes. 

13. The method according to claim 12, further comprising 
a step of forming second Wiring patterns on the third 
insulating ?lm. 

14. The method according to claim 12, Wherein the 
opening holes are disposed in a plurality for one dummy 
pattern. 

15. The method according to claim 13, Wherein the 
opening holes are disposed in a plurality for one dummy 
pattern. 

16. The method according to claim 12, Wherein the 
opening holes are cylindrical in shape. 

17. The method according to claim 13, Wherein the 
opening holes are cylindrical in shape. 

18. The method according to claim 12, Wherein the second 
Wiring pattern is formed above the opening holes. 

19. The method according to claim 12, Wherein the Wiring 
patterns and dummy patterns are made of a metal material. 

20. The method according to claim 13, Wherein the Wiring 
patterns and dummy patterns are made of a metal material. 

* * * * * 


