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(57) ABSTRACT 
A method of fabricating a dual darnascene is provided. A 
dielectric layer is formed on a substrate. A diffusion barrier 
layer is formed on the dielectric layer. A portion of the 
diffusion barrier layer and the dielectric layer is removed to 
form a trench and a via hole. Abarrier layer is formed on the 
diffusion barrier layer and in the trench and the via hole. The 
barrier layer on the diffusion barrier layer is removed by 
chemical-mechanical polishing. A conductive layer is 
formed in the trench and the via hole by selective deposition. 
A planariZation step is performed With the diffusion barrier 
layer serving as a stop layer. 
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METHOD OF FABRICATING DUAL DAMASCENE 
STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a fabricating 
method of multi-layered interconnections. More particu 
larly, the present invention relates to a method of fabricating 
a dual damascene structure. 

[0003] 2. Description of the Related Art 

[0004] Due to the increased number of devices incorpo 
rated in a semiconductor circuit and the corresponding siZe 
reduction of the devices, material property is an important 
factor that affects device performance. For example, the 
material of the metallic multi-layered interconnections 
greatly affects resistance of the devices. Thus, in order to 
reduce the resistance, it is an important subject to select a 
suitable metallic material. 

[0005] Copper has many good qualities such as a loW 
resistivity and a high electromigration resistance. In addi 
tion, copper can be formed by chemical vapor deposition 
(CVD) or electroplating. Thus, copper is Widely used in 
sub-micron process to form multi-layered interconnects. 
HoWever, some problems still occur When using copper in 
sub-micron process. For example, copper is easily oxidiZed 
and eroded. It is difficult to pattern copper by dry etching. 
The adhesion betWeen copper and dielectric materials is 
poor. Furthermore, copper easily diffuses into the dielectric 
materials so that the reliability of devices is decreased. 

[0006] To solve the above-described problems, the con 
ventional method uses a dual-damascene technique With a 
chemical-mechanical polishing step. FIGS. 1A through 1C 
are schematic, cross-sectional vieWs shoWing a conventional 
method of fabricating a dual damascene structure. A dual 
damascene technique is a technique that forms a metallic 
interconnection 114 (FIG. 1B) in a dielectric layer 106. In 
FIG. 1A, a dielectric layer 106 is ?rst formed over a 
substrate 100, and then the dielectric layer 106 is planariZed. 
According to the required design, the dielectric layer 106 is 
then patterned. A trench 108 and a via hole 110 are formed 
to expose a portion of the conductive layer 102. In FIG. 1B, 
a barrier layer 112 is formed over the substrate 100. Acopper 
layer 114 is formed over the substrate 100 to ?ll the trench 
108 and the via hole 110. Aconductive line and a via contact 
are thus simultaneously formed. 

[0007] The barrier layer 112 having a high stability is used 
to solve the above-described problems, such as copper atom 
diffusion and poor adhesion betWeen the copper layer 114 
and the dielectric layer 106. As shoWn in FIG. 1C, a 
chemical-mechanical polishing (CMP) step is performed. 
Because it is difficult to etch the copper layer 114, the 
conventional method solves this dif?culty by using the CMP 
step instead of performing an etching step. Thus, the dif? 
culty in etching the copper layer 114 does not occur. 

[0008] Typically, the material of the barrier layer 112 in 
the dual damascene structure is tantalum/tantalum nitride 
(Ta/TaN). Because it is dif?cult to remove the Ta/TaN layer 
by chemical-mechanical polishing, the dual damascene 
structure is still formed With dif?culty. In order to remove 
the barrier layer 112, it is necessary for the conventional 
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method to perform an over-polishing step. Since the etching 
rate for the Ta/TaN barrier layer 112 is loWer than that of the 
copper layer 114, the copper layer 114 is easily dished or 
suffers from an erosion problem. Thus, the process is still not 
optimal. 

SUMMARY OF THE INVENTION 

[0009] The invention provides a method of fabricating a 
dual damascene structure. A dielectric layer is formed on a 
substrate. Adiffusion barrier layer is formed on the dielectric 
layer. A portion of the diffusion barrier layer and the 
dielectric layer is removed to form a trench and a via hole. 
A barrier layer is formed on the diffusion barrier layer and 
in the trench and the via hole. The barrier layer on the 
diffusion barrier layer is removed by chemical-mechanical 
polishing. A conductive layer is formed in the trench and the 
via hole by selective deposition. A planariZation step is 
performed With the diffusion barrier layer serving as a stop 
layer. 
[0010] During the selective deposition of the conductive 
layer, the barrier layer serves as an activation center for 
selective deposition. The conductive layer easily ?lls the 
trench and the via hole. In contrast, since the diffusion 
barrier layer does not serve as an active center, it is difficult 
to deposit the conductive layer on the diffusion barrier layer. 
Thus, there is a high selectivity of the conductive layer 
betWeen the barrier layer and the diffusion barrier layer. 

[0011] The invention removes the barrier layer, Which is 
on the diffusion barrier layer, before the step of forming the 
conductive layer in the trench and the via hole. The con 
ductive layer is then formed by selective deposition. There 
is a high selectivity betWeen the barrier layer, Which is in the 
trench and the via hole, and the diffusion barrier layer. Thus, 
the conductive layer is deposited almost only in the trench 
and the via hole. Therefore, the undesired conductive layer 
on the diffusion barrier layer can be easily removed by 
chemical-mechanical polishing, so as to prevent the occur 
rence of a dishing effect and a erosion problem of the 
conductive layer. 

[0012] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings, 

[0014] FIGS. 1A through 1C are schematic, cross-sec 
tional vieWs shoWing a conventional method of fabricating 
a dual damascene structure. 

[0015] FIGS. 2A through 2F are schematic, cross-sec 
tional vieWs shoWing a method of fabricating a dual dama 
scene structure according to one preferred embodiment of 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 



US 2001/0002333 A1 

are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0017] The preferred embodiment takes a dual damascene 
as an example to explain the present invention. In practice, 
the invention can also be utiliZed in a process of forming a 
metallic line or a process of forming a contact or a via. The 
present invention is not limited to the method of forming a 
dual damascene structure. 

[0018] FIGS. 2A through 2F are schematic, cross-sec 
tional vieWs shoWing a method of fabricating a dual dama 
scene structure according to one preferred embodiment of 
the invention. 

[0019] In FIG. 2A, a conductive layer 202 is formed in the 
substrate 200. Acap layer 204 is formed on the substrate 200 
to cover the conductive layer 202. Adielectric layer 206 and 
a diffusion barrier layer 207 are formed in sequence over the 
substrate 200. 

[0020] The material of the conductive layer 202 includes 
copper. The conductive layer 202 can be formed by chemical 
vapor deposition or electroplating. The thickness of the 
conductive layer 202 is preferably about 3000 angstroms to 
5000 angstroms, but is not limited to this thickness. The 
material of the cap layer 204 is preferably a material that can 
prevent the oxidation of the conductive layer 202 and can 
also prevent atoms or ions of the conductive layer 202 from 
diffusing into the dielectric layer 206. The thickness of the 
cap layer 204 is preferably about 600 angstroms to 1000 
angstroms. In a case Where a material of the conductive layer 
202 is copper, the material of the cap layer 204 is preferably 
silicon nitride (SiN) and SiC formed by, for example, 
chemical vapor deposition. 

[0021] The dielectric layer 206 is preferably a silicon 
oxide layer formed by plasma-enhanced chemical vapor 
deposition (PECVD), or spin-on polymer (SOP) With a loW 
dielectric constant. The SOP includes ?are, SILK, Parylene, 
or PAE-II. 

[0022] The diffusion barrier layer 207 is used to prevent 
the conductive layer 202 from diffusing into the dielectric 
layer 206 While depositing the conductive layer 202. There 
is a deposition selectivity betWeen the diffusion barrier layer 
207 and the dielectric layer 206 While depositing the con 
ductive layer 214. The material of the diffusion barrier layer 
207 is preferably silicon nitride formed by, for example, 
chemical vapor deposition. 

[0023] In FIG. 2B, a trench 206 and a via hole 210 are 
formed in the diffusion barrier layer 207, the dielectric layer 
206, and the cap layer 204 by the folloWing exemplary steps. 
A patterned photoresist layer (not shoWn) comprising an 
opening is formed over the diffusion barrier layer 207. The 
location of the opening exposes the location of the via hole 
210 above the conductive layer 202. An etching step is 
performed With the cap layer 204 serving as an etching stop 
point. The pattern of the photoresist layer is transferred to 
form the via hole 210. Avia hole 210 exposing the cap layer 
204 is formed in the diffusion barrier layer 207 and the 
dielectric layer 206. The photoresist layer is removed. 
Another photoresist layer (not shoWn) is formed on the 
dielectric layer 206, so as to form the trench 210. The 
diffusion barrier layer 207 and the dielectric layer 206 are 
patterned With the photoresist layer serving as an etching 
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mask. A trench 208 is formed in the diffusion barrier layer 
207 and the dielectric layer 206. The photoresist layer is 
removed. The cap layer 204 exposed by the via hole 210 is 
removed. 

[0024] In FIG. 2C, a conformal barrier layer 212 is 
formed over the substrate 200, in the trench 208 and the via 
hole 210, and over the diffusion barrier layer 207. Prefer 
ably, a material of the barrier layer 212 is titanium/titanium 
nitride (Ti/TiN), tantalum (Ta), tantalum nitride (TaN), tan 
talum/tantalum nitride (Ta/TaN), or tungsten nitride. 

[0025] In FIG. 2D, the barrier layer 212 on the diffusion 
barrier layer 207 is removed. Preferably, a chemical-me 
chanical polishing step is performed With the diffusion 
barrier layer 207 serving as an etching stop. The barrier layer 
212 is polished until the diffusion barrier layer 207 is 
exposed. 
[0026] In FIG. 2E, a selective deposition step is per 
formed. Aconductive layer 214 is formed over the substrate 
200 and in the trench 208 and the via hole 210. The material 
of the conductive layer 214 is preferably copper. The step of 
forming the conductive layer 214 is preferably performed by 
selective deposition, such as selective chemical vapor depo 
sition. In a case Where a material of the conductive layer 214 
is copper, the material of the barrier layer 212 is preferably 
Ta/TaN. 

[0027] The folloWing description takes the folloWing 
materials as examples: if a material of the conductive layer 
214 is copper, a material of the barrier layer 212 is Ta/TaN 
and a material of the diffusion barrier layer 207 is silicon 
nitride. During the selective chemical vapor deposition of 
the copper conductive layer 214, the Ta/TaN barrier layer 
212 serves as an activation center for selective chemical 

vapor deposition. Thus, the copper conductive layer 214 
easily ?lls the trench 208 and the via hole 210. In contrast, 
since the silicon-nitride diffusion barrier layer 207 does not 
serve as an active center, it is difficult to deposit the copper 
conductive layer 214 on the diffusion barrier layer 207. As 
explained in the above description, there is a high selectivity 
of the copper conductive layer 214 betWeen the barrier layer 
212 and the diffusion barrier layer 207. 

[0028] In FIG. 2F, 21 planariZation process is performed to 
remove a portion of the conductive layer 212. Preferably, a 
chemical-mechanical polishing is performed With the diffu 
sion barrier layer 207 serving as a stop layer. The conductive 
layer 214 is removed until the diffusion barrier layer 207 is 
exposed. 

[0029] In the invention, a selective ratio of the barrier 
layer 212 and the diffusion barrier layer 207 is not neces 
sarily 100%. If there is a portion of the conductive layer 212 
deposited on the diffusion barrier layer 207, the conductive 
layer 212 on the diffusion barrier layer 207 can be easily 
removed in the folloWing planariZation process. Thus, a 
dishing effect and an erosion problem do not occur. 

[0030] In the conventional method, in order to remove a 
Ta/TaN barrier layer by chemical-mechanical polishing, a 
dishing effect and an erosion problem occur on the conduc 
tive layer. The invention solves the difficulty by removing 
the barrier layer 212 on the diffusion barrier layer 207 before 
the step of depositing conductive layer 214. Thus, When the 
planariZation process is performed to remove a portion of 
the conductive layer 214, no barrier layer 212 needs to be 
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removed. Thus, the dishing effect and the erosion problem, 
as found in the conventional method because of over pol 
ishing, do not occur. 

[0031] Accordingly, the invention removes a barrier layer 
on a diffusion barrier layer before the step of forming a 
conductive layer in a trench and a via hole. The conductive 
layer is then formed by selective deposition. There is a high 
selectivity betWeen the barrier layer, Which is in the trench 
and the via hole, and the diffusion barrier layer. Thus, the 
conductive layer is deposited almost only in the trench and 
the via hole. Therefore, the undesired conductive layer on 
the diffusion barrier layer can be easily removed by chemi 
cal-mechanical polishing, so as to prevent the occurrence of 
the dishing effect and the erosion problem found in the 
conventional method. 

[0032] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure and the method of the present invention Without 
departing from the scope or spirit of the invention. In vieW 
of the foregoing, it is intended that the present invention 
cover modi?cations and variations of this invention pro 
vided they fall Within the scope of the folloWing claims and 
their equivalents. 

What is claimed is: 
1. A method of fabricating a dual damascene structure, 

comprising the steps of: 

forming a dielectric layer on a substrate; 

forming a diffusion barrier layer on the dielectric layer; 

removing a portion of the diffusion barrier layer and the 
dielectric layer to form a trench and a via hole; 

forming a barrier layer over on the diffusion barrier layer 
and in the trench and the via hole; 

removing the barrier layer on the diffusion barrier layer; 

forming a conductive layer in the trench and the via hole; 
and 

performing a planariZation step With the diffusion barrier 
layer serving as a stop layer. 

2. The method of claim 1, Wherein the conductive layer 
comprises copper. 

3. The method of claim 2, Wherein the conductive layer is 
formed by selective chemical vapor deposition. 
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4. The method of claim 2, Wherein a material of the 
diffusion barrier layer is silicon nitride. 

5. The method of claim 2, Wherein a material of the barrier 
layer is Ta/TaN. 

6. The method of claim 2, Wherein the step of removing 
the barrier layer on the diffusion barrier layer is performed 
by chemical-mechanical polishing. 

7. The method of claim 2, Wherein the planariZation 
process comprises chemical-mechanical polishing. 

8. The method of claim 1, Wherein the conductive layer is 
formed by selective chemical vapor deposition. 

9. The method of claim 1, Wherein a material of the 
diffusion barrier layer is silicon nitride. 

10. The method of claim 1, Wherein a material of the 
barrier layer is Ta/TaN. 

11. The method of claim 1, Wherein the step of removing 
the barrier layer on the diffusion barrier layer is performed 
by chemical-mechanical polishing. 

12. The method of claim 1, Wherein the planariZation 
process comprises chemical-mechanical polishing. 

13. A method of fabricating a dual damascene structure, 
comprising the steps of: 

forming a dielectric layer on a substrate; 

forming a diffusion barrier layer on the dielectric layer; 

removing a portion of the diffusion barrier layer and the 
dielectric layer to form a trench and a via hole; 

forming a barrier layer on the diffusion barrier layer and 
in the trench and the via hole; 

performing a chemical-mechanical polishing step to 
remove the barrier layer on the diffusion barrier layer; 

forming a copper layer in the trench and the via hole by 
selective deposition; and 

performing a planariZation process by chemical-mechani 
cal polishing With the diffusion barrier layer serving as 
a stop layer. 

14. The method of claim 13, Wherein the step of forming 
the conductive layer comprises selective chemical vapor 
deposition. 

15. The method of claim 13, Wherein the diffusion barrier 
layer comprises a silicon nitride layer. 

16. The method of claim 13, Wherein the barrier layer 
comprises Ta/TaN. 


