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(57) ABSTRACT 

An improved dual damascene structure is provided for use 
in the Wiring-line structures of multi-level interconnects in 
integrated circuit. In this dual damascane structures, loW-K 
(loW dielectric constant) dielectric materials are used to form 
both the dielectric layers and the etch-stop layer betWeen the 
metal interconnects in the IC device. With this feature, the 
dual damascene structure can prevent high parasite capaci 
tance to occur therein that Would otherWise cause large RC 
delay to the signals being transmitted through the metal 
interconnects and thus degrade the performance of the IC 
device. With the dual damascence structure, such parasite 
capacitance can be reduced, thus assuring the performance 
of the IC device. 
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DUAL DAMASCENE STRUCTURE FOR THE 
WIRING-LINE STRUCTURES OF MULTI-LEVEL 
INTERCONNECTS IN INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a dual damascene struc 
ture, and more particularly, to a dual damascene structure for 
the Wiring-line structures of multi-level interconnects in 
integrated circuit, in Which loW-K (loW dielectric constant) 
dielectric materials are used to form the dielectric layers and 
the etch-stop layers betWeen the metal interconnects in the 
integrated circuit. 

[0003] 2. Description of Related Art 

[0004] A high-density integrated circuit is typically 
formed With a multi-level interconnect structure With tWo or 
more layers of metal interconnects to serve as Wiring line 
structures for the purpose of electrically interconnecting the 
various components in the integrated circuit. The multi-level 
interconnect structure typically includes a ?rst layer (base 
layer) of metal interconnect structure Which is electrically 
connected to the source/drain regions of the MOS transistors 
in the integrated circuit, and a second layer of metal inter 
connect structure Which is separated from the base metal 
interconnect structure by an insulating layer, but With the 
second metal interconnect structure being electrically con 
nected to the base metal interconnect structure via metal 
plugs formed in the insulating layer. Still another or more 
metal interconnect structures can be formed over the second 
layer of metal interconnect structure. 

[0005] When the integrated circuit is further scaled doWn 
to beloW deep-submicron level of integration, or the metal 
interconnects are reduced in resistance to raise the access 
speed to the IC device, the conventional methods to form the 
metal interconnects Would display some draWbacks. For 
instance, the etching on the loW-resistance copper-based 
metalliZation layers to form the metal interconnects Would 
be dif?cult to carry out on a deep-submicron integrated 
circuit. Moreover, in the deposition process to form dielec 
tric layers betWeen tWo neighboring levels of metal inter 
connects, the resulted dielectric layers Would be poor in step 
coverage that may then cause undesired voids or trapping of 
impurities to occur. One solution to these problems is to 
form the so-called dual damascene structure, Which can help 
eliminate the above-mentioned draWbacks of the metal 
interconnect structures formed in deep-submicron integrated 
circuits by alloWing the dielectric layers betWeen the metal 
interconnects to be highly planariZed. A conventional dual 
damascene structure is illustratively depicted in the folloW 
ing With reference to FIGS. 1A-1F. 

[0006] Referring ?rst to FIG. 1A, the dual damascene 
structure is constructed on a semiconductor substrate 100. A 
base metal interconnect structure 102 is formed in the 
substrate 100. NeXt, a ?rst dielectric layer 104 is formed, 
typically from silicon dioXide, over the entire top surface of 
the substrate 100, covering the entire eXposed surface of the 
base metal interconnect structure 102. After this, an etch 
stop layer 106 is formed, typically from silicon nitride, over 
the ?rst dielectric layer 104. 

[0007] Referring neXt to FIG. 1B, in the subsequent step, 
a ?rst photoresist layer 108 is formed over the etch-stop 
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layer 106. The photoresist layer 108 is selectively removed 
to eXpose a selected portion of the etch-stop layer 106 that 
is laid directly above the base metal interconnect structure 
102 in the substrate 100. Then, With the photoresist layer 108 
serving as mask, an anisotropic dry-etching process is per 
formed on the strafer so as to etch aWay the unmasked 
portion of the etch-stop layer 106 until the top surface of the 
?rst dielectric layer 104 is eXposed. As a result, a contact 
hole 110 is formed in the etch-stop layer 106, Which is 
located directly above the base metal interconnect structure 
102 in the substrate 100. 

[0008] Referring further to FIG. 1C, in the subsequent 
step, the entire photoresist layer 108 is removed. After this, 
a second dielectric layer 112 is formed, typically from 
silicon dioXide, over the entire top surface of the etch-stop 
layer 106, Which also ?lls up the entire contact hole 110 in 
the etch-stop layer 106. 

[0009] Referring further to FIG. 1D, in the subsequent 
step, a second photoresist layer 114 is formed over the 
second dielectric layer 112, Which is selectively removed to 
form a ?rst opening 116 and a second opening 118 therein. 
The ?rst opening 116 is located directly above the contact 
hole 110 in the etch-stop layer 106 and formed With a greater 
Width than the contact hole 110. 

[0010] Referring neXt to FIG. 1E, With the second pho 
toresist layer 114 serving as mask, a second anisotropic 
dry-etching process is performed on the Wafer to a con 
trolled depth until reaching the etch-stop layer 106, and 
exposing the top surface of the ?rst dielectric layer 104. This 
forms a ?rst contact hole 116a and a second contact hole 
118a in the second dielectric layer 112. 

[0011] Referring further to FIG. 1F, in the subsequent 
step, a third anisotropic dry-etching process is performed on 
the Wafer so as to etch aWay the part of the ?rst dielectric 
layer 104 that is laid directly beneath the previously formed 
contact hole 110 (see FIG. 1B) in the etch-stop layer 106 
until the top surface of the base metal interconnect structure 
102 is eXposed. As a result, a contact hole 120 is formed in 
the ?rst dielectric layer 104, Which is connected to the ?rst 
contact hole 116a in the second dielectric layer 112. 

[0012] In the subsequent step, a metal is deposited into the 
contact hole 120 in the ?rst dielectric latter 104 and the ?rst 
and second contact holes 116a, 118a in the second dielectric 
layer 112 to form a dual damascene structure used to 
electrically connect the base metal interconnect structure 
102 to a second layer of metal interconnect structure (not 
shoWn) that is to be formed over the second dielectric layer 
112. 

[0013] In the foregoing dual damascene structure, the 
dielectric material(s) used to form the ?rst and second 
dielectric layers 104, 112 and the dielectric material used to 
form the etch-stop layer 106 should be selected in such a 
manner as to alloW the etching process to act on them With 
different etching rates. For instance, in the case of the ?rst 
and second dielectric layers 104, 112 being formed from 
silicon dioXide, the etch-stop layer 106 is formed from a 
high-K dielectric material, such as silicon-oXy-nitride or 
silicon nitride; Whereas in the case of the ?rst and second 
dielectric layers 104, 112 being formed from a loW-K 
dielectric material, such as ?uorosilicate oxide, ?uorosili 
cate glass (FSG), hydrogen silsesquioXane (HSQ), or organ 
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ics, then the etch-stop layer 106 is formed from a high-K 
dielectric material, such as silicon dioxide, silicon-oxy 
nitride, or silicon nitride. 

[0014] One drawback to the foregoing dual damascene 
structure, hoWever, is that the dielectric material used to 
form the etch-stop layer 106 is much greater in terms of 
dielectric constant than the dielectric rnaterial(s) used to 
form the ?rst and second dielectric layers 104, 112. For 
instance, the dielectric constant of silicon nitride is about 
7.9. Consequently, When electric currents are conducted 
through the metal interconnects in the dual damascene 
structure, a large parasite capacitance Would occur in the 
?rst and second dielectric layers 104, 112 betWeen the metal 
interconnects. The presence of this parasite capacitance Will 
then cause an increased RC delay to the signals being 
transmitted through the metal interconnects, thus degrading 
the performance of the IC device. 

SUMMARY OF THE INVENTION 

[0015] It is therefore an objective of the present invention 
to provide an improved dual damascene structure for IC 
device, in Which loW-K dielectric materials are used to form 
both the dielectric layers and the etch-stop layer betWeen the 
metal interconnects, such that no or at least a reduced 
parasite capacitance Would occur in the dielectric layers, and 
such that the IC device can be assured in performance 
Without having increased RC delay. 

[0016] In accordance With the foregoing and other objec 
tives of the present invention, an improved dual damascene 
structure is provided. 

[0017] The dual damascene structure of the invention 
includes a ?rst dielectric layer formed over the substrate 
from a ?rst loW-K dielectric material; an etch-stop layer 
formed over the ?rst dielectric layer from a loW-K inorganic 
dielectric material; a second dielectric layer formed over the 
etch-stop layer from a second loW-K organic dielectric 
material; and a pair of metal plugs including a ?rst metal 
plug and a second metal plug. The ?rst metal plug is formed 
in such a manner as to penetrate successively through the 
second dielectric layer, the etch-stop layer, and the ?rst 
dielectric layer to come into electrical contact With the base 
metal interconnect structure in the substrate; While the 
second metal plug is formed in such a manner as to penetrate 
through the second dielectric layer to come into contact With 
the etch-stop layer. 

[0018] The loW-K dielectric materials used to form the 
?rst and second dielectric layers and the etch-stop layer can 
be either inorganic dielectric materials, such as silicon 
oxide, ?uorosilicate glass (FSG), ?uorosilicate oxide, and 
hydrogen silsesquioxane (HSQ); or organic dielectric mate 
rials, such as Flare, SILK, BCB, and Parylene. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] The invention can be more fully understood by 
reading the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

[0020] FIGS. 1A-1F are schematic sectional diagrams 
used to depict the process steps used to fabricate a conven 
tional dual damascene structure; and 
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[0021] FIGS. 2A-2E are schematic sectional diagrams 
used to depict the process steps used to fabricate the dual 
damascene structure of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] A preferred embodiment of the dual damascene 
structure of the invention is disclosed in the folloWing With 
reference to FIGS. 2A-2E. 

[0023] Referring ?rst to FIG. 2A, the dual damascene 
structure is constructed on a semiconductor substrate 200. A 
base metal interconnect structure 202 is then formed in the 
substrate 200. Next, a ?rst dielectric layer 204 is formed 
over the entire top surface of the substrate 200, covering all 
the exposed surface of the base metal interconnect structure 
202. In accordance With the invention, the ?rst dielectric 
layer 204 is formed from a loW-K organic dielectric mate 
rial, such as Flare, SILK, BCB, or Parylene. 

[0024] After this, an etch-stop layer 206 is formed over the 
?rst dielectric layer 204. In the case of the ?rst dielectric 
layer 204 bring formed from an organic dieiectric material, 
the etch-stop layer 206 is formed a loW-K inorganic dielec 
tric material, such as silicon dioxide, ?uorosilicate glass 
(FSG), ?uorosilicate oxide, or hydrogen silsesquioxane 
(HSQ). The selected dielectric material to form the etch-stop 
layer 206 should alloW the etch-stop layer 206 to be different 
in terms of etching rate from the ?rst dielectric layer 204. 

[0025] Optionally, a protective layer 208 can be formed 
over the etch-stop layer 206 from a selected dielectric 
material having a higher dielectric constant than the dielec 
tric material used to form the etch-stop layer 206, such as 
oxide, silicon-oxy-nitride, or silicon nitride. This protective 
layer 208 can help prevent the etching rate on the second 
dielectric layer 212 (to be formed later) to be nearly equal to 
the etching rate on the etch-stop layer 206 during the 
subsequently performed etching process, and thus prevent 
the etch-stop layer 206 from being damaged during the 
etching process. After the protective layer 208 is formed, the 
next step is to form a ?rst photoresist layer 210 over the 
protective layer 208, Which is selectively removed to expose 
a selected area of the protective layer 208 that is laid directly 
above the base metal interconnect structure 202. 

[0026] Referring next to FIG. 2B, in the subsequent step, 
With the ?rst photoresist layer 210 serving as mask, an 
etching process is performed on the Wafer so as to etch aWay 
the unmasked portions of the protective layer 208 and the 
underlying, etch-stop layer 206 until the top surface of the 
?rst dielectric layer 204 is exposed. This forms a contact 
hole 209 Which penetrate through both the protective layer 
208 and the etch-stop layer 206. After this the entire ?rst 
photoresist layer 210 is removed. 

[0027] Referring further to FIG. 2C in the subsequent 
step, a second dielectric layer 212 is deposited over the 
entire top surface of the protective layer 208, Which also ?lls 
up the entire contact hole 209 (see FIG. 2B) in the protective 
layer 208 and etch-stop layer 206. The second dielectric 
layer 212 can be formed either from the same dielectric 
material used to form the ?rst dielectric layer 204, or from 
a different dielectric material; hoWever, the selected dielec 
tric material should be greater in terms of etching rate than 
the protective layer 208 and the etch-stop layer 206. Option 
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ally, a hard mask layer 214 can be formed over the second 
dielectric layer 212 from a high-K inorganic dielectric 
material, such as oxide, silicon-oxy-nitride or silicon nitride. 
A second photoresist layer 216 is then formed over the hard 
mask layer 214. The hard mask layer 214 can help prevent 
the second photoresist layer 216 from being damaged in the 
subsequent etching process due to loW etching rates on the 
second dielectric layer 212, the ?rst dielectric layer 204, and 
the second photoresist layer 216, Which are made from 
organic dielectric materials. The second photoresist layer 
216 is selectively removed to form a ?rst opening 218 and 
a second opening 220. The ?rst opening 218 is located 
directly above the previously formed contact hole 209 (see 
FIG. 2B) in the protective layer 208 and etch-stop layer 206 
and formed With a greater Width than the contact hole 209. 

[0028] Referring to FIG. 2D, in the subsequent step, With 
the second photoresist layer 216 serving as mask, a second 
etching process is performed on the Wafer so as to etch aWay 
the unmasked portions of the hard mask layer 214, the 
second dielectric layer 212, and the protective layer 208 
until reaching the etch-stop layer 206 and exposing the top 
surface of the ?rst dielectric layer 204. Through this process, 
a ?rst contact hole 218a and a second contact hole 220a are 
formed in such a manner that the ?rst contact hole 218a is 
located directly above the base metal interconnect structure 
202 and exposes the ?rst dielectric layer 204, While the 
second contact hole 220a is still isolated from the ?rst 
dielectric layer 204 by the etch-stop layer 206. 

[0029] Referring further to FIG. 2E, in the subsequent 
step, a third etching process is performed on the exposed 
portion of the ?rst dielectric layer 204 until the top surface 
of the base metal interconnect structure 202 is exposed. This 
forms a bottom contact hole 222 in the ?rst dielectric layer 
204, Which is connected to the ?rst contact hole 218a in the 
second dielectric layer 212. Then, a conductive layer 224, 
226 is formed to ?ll the bottom contact hole 222, the ?rst 
contact hole 218a, and the second contact hole 220a. The 
conductive layer 224 is formed as a plug penetrating through 
the second dielectric layer 212, the etch-stop layer 206 and 
the ?rst dielectric layer 204 to come into electrical contact 
With the base metal interconnect structure 202. The conduc 
tive layer 226 is formed as a plug penetrating through the 
second dielectric layer 212. 

[0030] It is a characteristic feature of the invention that the 
etch-stop layer 206 is formed from a loW-K dielectric 
material instead of a high-K one as in the prior art. In 
addition to the preferred embodiment described above, vari 
ous other loW-K dielectric materials can be used to form the 
dielectric layers 204, 212 and the etch-stop layer 206. For 
example, the dielectric layers 204, 212 can be alternatively 
formed from loW-K inorganic dielectric materials, such as 
silicon dioxide, ?uorosilicate glass (FSG), ?uorosilicate 
oxide, or hydrogen silsesquioxane (HSQ); While the etch 
stop layer 206 can be formed from a loW-K organic dielec 
tric material, such as Flare, SILK, or Parylene. 

[0031] In conclusion, the invention provides an improved 
dual damascene structure in Which loW-K dielectric mate 
rials are used to form both the dielectric layers and the 
etch-stop layer in the dual damascene structure. This feature 
alloWs a signi?canitly reduced or nearly no parasite capaci 
tance to occur in the dual damascene structure as compared 
to the prior art. The RC delay caused by the parasite 
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capacitance can therefore be reduced to a lesser degree as 
compared to the prior art, thus assuring the performance of 
the IC device. 

[0032] The invention has been described using exemplary 
preferred embodiments. HoWever, it is to be understood that 
the scope of the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpre 
tation so as to encompass all such modi?cations and similar 
arrangements. 

What is claimed is: 
1. A dual damascene structure for electrically intercon 

nection to a base metal interconnect structure formed in a 
semiconductor substrate, Which comprises: 

a ?rst dielectric layer formed from a ?rst loW-K organic 
dielectric material over the substrate to cover the 
exposed surface of the base metal interconnect struc 
ture: 

an etch-stop layer formed from a loW-K inorganic dielec 
tric material over the ?rst dielectric layer; 

a second dielectric layer formed from a second loW-K 
organic dielectric material over the etch-stop layer; and 

a pair of metal plugs including a ?rst metal plug and a 
second metal plug, the ?rst metal plug penetrating 
successively through the second dielectric layer, the 
etch-stop layer, and the ?rst dielectric layer to come 
into electrical contact With the base metal interconnect 
structure in the substrate, and the second metal plug 
penetrating through the second dielectric layer to come 
into contact With the etch-stop layer. 

2. The dual damascene structure of claim 1, Wherein the 
?rst and second organic dielectric materials used to form the 
?rst and second dielectric layers are each Flare. 

3. The dual damascene structure of claim 1, Wherein the 
?rst and second organic dielectric materials used to form the 
?rst and second dielectric layers are each SILK. 

4. The dual damascene structure of claim 1, Wherein the 
?rst and second organic dielectric materials used to form the 
?rst and second dielectric layers are each Parylene. 

5. The dual damascene structure of claim 1, Wherein the 
?rst and second organic dielectric materials used to form the 
?rst and second dielectric layers are each BCB. 

6. The dual damascene structure of claim 1, Wherein the 
inorganic dielectric material used to form the etch-stop layer 
is FSG. 

7. The dual damascene structure of claim 1, Wherein the 
inorganic dielectric material used to form the etch-stop layer 
is ?uorosilicate oxide. 

8. The dual damascene structure of claim 1, Wherein the 
inorganic dielectric material used to form the etch-stop layer 
is HSQ. 

9. The dual damascene structure of claim 1, further 
comprising: 

a protective layer formed betWeen the etch-stop layer and 
the second dielectric layer. 

10. The dual damascene structure of claim 9, Wherein the 
protective layer is formed from silicon oxide. 

11. The dual damascene structure of claim 9, Wherein the 
protective layer is formed from silicon-oxy-nitride. 
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12. The dual damascene structure of claim 9, wherein the 
protective layer is formed from silicon nitride. 

13. The dual damascene structure of claim 1, further 
comprising: 

a hard mask layer formed over the second dielectric layer. 
14. The dual damascene structure of claim 13, Wherein the 

hard mask layer is formed from silicon oxide. 
15. The dual damascene structure of claim 13, Wherein the 

hard mask layer is formed from silicon-oXy-nitride. 
16. The dual damascene structure of claim 13, Wherein the 

hard mask layer is formed from silicon nitride. 
17. A dual damascene structure for electrically intercon 

nection to a base metal interconnect structure formed in a 
semiconductor substrate, Which comprises: 

a ?rst dielectric layer formed from a ?rst loW-K inorganic 
dielectric material over the substrate to cover the 
eXposed surface of the base metal interconnect struc 
ture: 

an etch-stop layer formed from a loW-K organic dielectric 
material over the ?rst dielectric layer: 

a second dielectric layer formed from a second loW-K 
inorganic dielectric material over the etch-stop layer; 
and 

a pair of metal plugs including a ?rst metal plug and a 
second metal plug, the ?rst metal plug penetrating 
successively through the second dielectric layer, the 
etch-stop layer, and the ?rst dielectric layer to come 
into electrical contact With the base metal interconnect 
structure in the substrate, and the second metal plug 
penetrating through the second dielectric layer to come 
into contact With the etch-stop layer. 

18. The dual damascene structure of claim 17, Wherein the 
organic dielectric material used to form the etch-stop layer 
is Flare. 
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19. The dual damascene structure of claim 17, Wherein the 
organic dielectric material used to form the etch-stop layer 
is SILK. 

20. The dual damascene structure of claim 17, Wherein the 
organic dielectric material used to form the etch-stop layer 
is Parylene. 

21. The dual damascene structure of claim 17, Wherein the 
organic dielectric material used to form the etch-stop layer 
is BCB. 

22. The dual damascene structure of claim 17, Wherein the 
?rst and second inorganic dielectric materials used to form 
the ?rst and second dielectric lasers are each FSG. 

23. The dual damascene structure of claim 17, Wherein the 
?rst and second inorganic dielectric materials used to form 
the ?rst and second dielectric layers are each ?uorosilicate 
oxide. 

24. The dual damascene structure of claim 17, Wherein the 
?rst and second inorganic dielectric materials used to form 
the ?rst and second dielectric layers are each HSQ. 

25. The dual damascene structure of claim 17, further 
comprising: 

a protective layer formed betWeen the etch-stop layer and 
the second dielectric layer. 

26. The dual damascene structure of claim 25, Wherein the 
protective layer is formed from silicon oXide. 

27. The dual damascene structure of claim 25, Wherein the 
protective layer is formed from silicon-oXy-nitride. 

28. The dual damascene structure of claim 25, Wherein the 
protective layer is formed from silicon nitride. 


