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(57) ABSTRACT 

A method for forming void-free, loW contact-resistance 
damascene interconnects during a manufacturing process of 
an integrated circuit having both narroW and deep openings 
and Wide and shalloW openings on a same substrate features 
a tWo-step copper (Cu) deposition process, With a high 
temperature rapid annealing process being conducted after 
the ?rst deposition. After forming in a top surface a narroW 
and deep opening and a Wide and shalloW opening, a ?rst 
copper (Cu) layer is deposited on a seed layer using a 
small-grained Cu material to completely ?ll the narroW and 
deep opening. After annealing the ?rst Cu layer to reduce 
stress on the resulting structure, a second layer of large 
grained Cu material is deposited on the annealed ?rst Cu 
layer to ?ll the remainder of the openings. The resulting 
assembly, Which requires no additional annealing, is then 
planariZed to the original surface. 
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METHOD FOR CREATING A DAMASCENE 
INTERCONNECT USING A TWO-STEP 

ELECTROPLATING PROCESS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
manufacturing a semiconductor device having copper ele 
ments, and more particularly to a method for creating 
damascene interconnects using dual-step electroplating and 
annealing process. 

[0003] 2. Description of the Related Art 

[0004] In integrated semiconductor devices, the speed and 
performance characteristics of a gate are in?uenced by gate 
thickness and length. As the siZe of the gates are reduced in 
higher-density integrated circuits, a higher resistance results 
from a corresponding reduction in conductor siZe and, When 
coupled With an associated capacitance of a dielectric inter 
layer, can create signi?cant signal propagation delays. To 
overcome such performance degradations, conventional alu 
minum conductors are being replaced With copper, Which 
has a loWer resistance than aluminum producing a resultant 
increase in gate speed. 

[0005] The conductivity of copper is approximately tWice 
that of aluminum and over three times that of tungsten. As 
a result, a same current can be carried through a copper line 
having half the Width of an aluminum line, alloWing for 
space-saving circuitry design. Also due to higher conduc 
tivity, copper consumes less poWer and, in addition, is less 
expensive than aluminum. Further, copper is approximately 
ten times less susceptible to degradation and breakage than 
aluminum and has superior electro-migration characteristics 
over those of aluminum. Thus, a copper line having a much 
smaller cross-section is better able to maintain electrical 
integrity than an aluminum line. 

[0006] Disadvantageously, hoWever, copper materially 
resists etching action of most conventional gaseous 
enchants, and thereby prevents fabrication of copper lines 
and copper plugs using conventional methods. Hence, a 
damascene process, and more particularly a tWo-step (dual 
damascene) process, is usually employed. Such a process 
typically uses either a sputtering, electroplating, or CVD 
technique for metal-?lm deposition in the formation of 
copper lines and copper plugs. 

[0007] Such techniques, hoWever, involve complicated 
and expensive processing, since signi?cant amounts of 
energy must be applied to a cupric metal compound to 
liberate or separate the copper from the metal compound for 
deposition on a surface Where a semiconductor device is to 
be formed. Further, in a conventional sputtering process, 
deposition coverage may be inadequate due to the formation 
of voids. To overcome such problems, an electroplating 
process has been favored for the deposition of the copper 
layer. 

[0008] A conventional manufacturing process for forming 
damascene copper interconnects in a semiconductor device 
Will be described With reference to FIG. 1. An insulating 
?lm 2 is deposited on a silicon substrate 1, and then a via 
hole 5 is formed. A barrier-metal ?lm 3, e.g., consisting of 
TiN at a thickness of 20 nm, is deposited by sputtering on the 
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entire surface. A seed-metal ?lm 4 for groWing copper 
plating consisting of copper is then deposited via sputtering 
(FIG. 1(a)). A typical sputtering environment may com 
prise, for example, a substrate temperature of 0 degrees C., 
a sputter poWer of 2 KW, a pressure of 2 mTorr, and a 
distance betWeen a target and the substrate of 60 mm. 

[0009] The substrate is then electroplated by immersing it 
in an aqueous solution of cupric sulfate at ambient tempera 
ture. The electroplated substrate is removed from the solu 
tion and “self-annealed” for 50 to 80 hours at ambient 
temperature to stabiliZe the structure of the copper plating 
?lm 9 as shoWn in FIG. 1(b). FolloWing annealing, the 
substrate surface is polished by a chemical mechanical 
polishing (CMP) process to form damascene copper inter 
connects. 

[0010] Disadvantageously, the aforementioned conven 
tional manufacturing process has signi?cant problems that 
can render a resultant semiconductor device unreliable. 
First, voids 6 may be generated inside a via hole or a groove 
due to the shrinkage of the thin copper plating during 
annealing as shoWn in FIG. 1(b). This prevents full contact 
area With the substrate of subsequent depositions. Second, 
small grains in a seed-metal ?lm deposited When forming 
the electroplated layer remain after the self-annealing, and 
lead to a less reliable device. Finally, the lengthy time for the 
annealing step yields extremely loW throughput for the 
manufacturing process. 

SUMMARY OF THE INVENTION 

[0011] According to a preferred embodiment according to 
the present invention, a ?rst method of creating damascene 
interconnects in a semiconductor integrated device having 
narroW and deep openings and Wide and shalloW openings 
on a same substrate comprises depositing a plurality of 
layers on a semiconductor substrate to create an assembly 
having a top layer; forming a narroW and deep opening and 
a Wide and shalloW opening through at least tWo of the 
plurality of layers of the assembly; depositing a protective 
barrier ?lm on exposed surfaces of the assembly; depositing 
a seed metal ?lm on the protective barrier ?lm; depositing a 
?rst metal ?lm, such that the narroW and deep opening is 
completely ?lled; annealing the assembly having the ?rst 
metal ?lm; depositing a second metal ?lm on the ?rst metal 
?lm such that the Wide and shalloW opening is completely 
?lled; and immediately thereafter planariZing the assembly 
to the top layer of the assembly. 

[0012] The ?rst and second metal ?lms may be selected 
from the group consisting of copper ?lm, gold ?lm, and 
platinum ?lm. The assembly is preferably annealed at a 
temperature betWeen about 150 to about 300 degrees C. for 
a period of time betWeen about 3 minutes to about 30 
minutes. The ?rst and the second metal ?lm may be depos 
ited using an electroplating process or an electroless plating 
process. The seed metal ?lm may be deposited using a CVD 
process or a sputtering process. The top layer of the assem 
bly may be planariZed using a CMP process. 

[0013] According to another embodiment of the present 
invention, there is provided a second method for creating 
damascene interconnects having narroW and deep openings 
and Wide and shalloW openings in a semiconductor inte 
grated device according to the present invention, comprising 
depositing a plurality of layers on a semiconductor substrate 
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to create an assembly having a top layer; forming a narrow 
and deep opening and a Wide and shallow opening through 
at least tWo of the plurality of layers of the assembly; 
depositing a protective barrier ?lm on exposed surfaces of 
the assembly; depositing a seed metal ?lm on the protective 
barrier ?lm; depositing a ?rst metal ?lm; such that the 
narroW and deep opening is completely ?lled; annealing the 
assembly having the ?rst metal ?lm; cleaning any metal 
oXide on the ?rst metal ?lm; depositing a second metal ?lm 
on the ?rst metal ?lm, such that the Wide and shalloW 
opening is completely ?lled; and immediately thereafter, 
planariZing the assembly to the top layer of the assembly. 

[0014] The cleaning of the metal oXide on the ?rst metal 
?lm may be carried out by a reduction process using 
hydrogen-based plasma or by a chemical etching process, 
Wherein the chemical may be selected from the group 
consisting of inorganic acids and organic acids, such as HF, 
H2SO4 and HCl. The ?rst and second metal ?lms may be 
selected from the group consisting of copper ?lm, gold ?lm, 
and platinum ?lm. The assembly is preferably annealed at a 
temperature betWeen about 150 to about 300 degrees Cen 
tigrade for a period of time betWeen about 3 minutes to about 
30 minutes. The ?rst and second metal ?lm may be depos 
ited using an electroplating process or an electroless plating 
process. The seed metal ?lm may be deposited using a CVD 
process or a sputtering process. The top layer of the assem 
bly may be planariZed using a CMP process. 

[0015] According to another embodiment of the present 
invention, there is provided a third method of creating 
damascene interconnects having narroW and deep openings 
and Wide and shalloW openings in a semiconductor inte 
grated device, comprising depositing a plurality of layers on 
a semiconductor substrate to create an assembly having a top 
layer; forming a narroW and deep opening and a Wide and 
shalloW opening through at least tWo of the plurality of 
layers of the assembly; depositing a protective barrier ?lm 
on eXposed surfaces of the assembly; depositing a seed 
metal ?lm on the protective barrier ?lm; depositing a ?rst 
metal ?lm by an electroplating process using a copper acid 
solution, such that the narroW and deep opening is com 
pletely ?lled; annealing the assembly having the ?rst metal 
?lm; cleaning any metal oXide on the ?rst metal ?lm by a 
chemical etching process using the copper acid solution; 
depositing a second metal ?lm on the ?rst metal ?lm such 
that the Wide and shalloW opening is completely ?lled by an 
electroplating process using the copper acid solution; and 
immediately thereafter planariZing the assembly to the top 
layer of the assembly. 

[0016] The copper acid solution may contain HCl and/or 
H2SO4. The step of cleaning any metal oXide on the ?rst 
metal ?lm is preferably conducted for a period betWeen 
about 10 to about 60 seconds. The cleaning of any metal 
oXide on the ?rst metal ?lm by a chemical etching process 
using the copper acid solution and the depositing of a second 
metal ?lm on the ?rst metal ?lm by an electroplating process 
using the copper acid solution may be conducted sequen 
tially in a same treatment vessel. The assembly is preferably 
annealed at a temperature betWeen about 150 to about 300 
degrees Centigrade for a period of time betWeen about 3 
minutes to about 30 minutes. The seed metal ?lm may be 
deposited using a CVD process or a sputtering process. The 
top layer of the assembly may be planariZed using a CMP 
process. 
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[0017] These and other features of the present invention 
Will be readily apparent to those of ordinary skill in the art 
upon revieW of the detailed description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1A and 1B illustrate cross-sectional vieWs 
of a conventional semiconductor integrated circuit (IC) 
according to a conventional manufacturing process for form 
ing damascene copper interconnects. 

[0019] FIG. 2 illustrates a cross-sectional vieW of a semi 
conductor IC shoWing a via plug and trench cavities that 
have been etched in deposited layers of the semiconductor 
IC in accordance With the present invention. 

[0020] FIG. 3 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 2, shoWing a barrier metal 
?lm being deposited on all eXposed surfaces to prevent Cu 
diffusion. 

[0021] FIG. 4 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 3, shoWing the deposition 
of a seed metal ?lm on the barrier metal ?lm preferably 
comprising Cu. 

[0022] FIG. 5 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 4, shoWing the deposition 
of a ?rst electroplating copper ?lm on the seed metal ?lm. 

[0023] FIG. 6 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 5, shoWing a resulting 
annealed Cu layer having a copper oXide ?lm. 

[0024] FIG. 7 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 6, shoWing the IC after 
removal of the copper oXide ?lm. 

[0025] FIG. 8 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 7, shoWing the IC after 
completion of a second Cu electroplating step. 

[0026] FIG. 9 illustrates a cross-sectional vieW of the 
semiconductor IC shoWn in FIG. 8, shoWing the IC after 
completion of a planariZation/polishing to form the dama 
scene interconnects. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] According to a preferred embodiment of the 
present invention, When using copper (Cu) as a ?ller metal 
for via holes or trenches (damascene interconnects) in the 
manufacture of an integrated circuit (IC) having narroW and 
deep openings and Wide and shalloW openings on a same 
substrate, connection reliability can be improved through the 
use of a dual-step Cu electroplating process. By preferably 
electroplating and annealing a thin (small-grained) ?rst Cu 
layer on the integrated circuit in a ?rst process, a uniform 
base can be created on the Walls and bottom surfaces of such 
a cavity (i.e., Without voids.) This ?rst copper layer can be 
quickly annealed to form a stable and generally void-free 
structure that, after annealing, is compatible With a subse 
quent thicker (large-grained) Cu layer created in a neXt 
cavity-?lling deposition process. 

[0028] During the ?rst deposition, any Wide and shalloW 
openings Will typically be only partially ?lled by the ?rst 
metal ?lm, but Will bene?t from the deposition of the ?rst 
metal layer With the attendant annealing step by having a 
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lower contact resistivity. Such a dual-step process provides 
a more reliable metallic structure than that created using 
only a conventional single-step electroplating deposition 
process. It can be appreciated that although the discussion 
preferably uses copper as the conductive metal, other con 
ductive metallic elements and compounds may be used With 
equal effect and are Within the scope of the present inven 
tion. 

[0029] FIGS. 2 through 9 illustrate the steps comprising 
the preferred method for manufacturing copper intercon 
nects and plugs according to the present invention. 

[0030] Referring to FIG. 2, a semiconductor IC is shoWn 
having damascene openings, Which preferably include on a 
same substrate both 1) a narroW and deep cavity Which 
includes via hole 5 in communication With a trench 6 as 
shoWn on the left side of FIG. 2, and 2) a Wide and shalloW 
trench cavity 6 as shoWn on the right side of FIG. 2, that 
have been etched in a conventional manner in previously 
deposited layers 1-4 of the IC in preparation for a ?rst step 
of the dual-step electroplating process according to a pre 
ferred embodiment of the present invention. The via hole 5 
in communication With the associated overlaying trench 6 
comprises a dual damascene opening. 

[0031] The insulating ?lms 2 and 4 are used for forming 
vias and interconnects, and the insulating ?lms 1 and 3 are 
layers to stop etching of the insulating ?lms 2 and 4 during 
the dual damascene etch process. The insulating ?lms 1 and 
3 may include one or more compounds from the group 
consisting of SiN and SiC, While insulating ?lms 2 and 4 
may include one or more compounds from the group con 
sisting of TEOS, FSG, SiOC and SILK. 

[0032] To prepare for the ?rst coating of Cu in these 
cavities, the cavities are preferably coated With intermediate 
layers or ?lms to prevent interaction With existing layers and 
to provide a molecularly compatible surface for the depo 
sition of the copper ?ller material. 

[0033] Referring to FIG. 3, a representative barrier metal 
?lm 7 is deposited on all exposed surfaces to prevent Cu 
from diffusing through to insulating ?lms 1-4. The thickness 
of barrier metal ?lm 7 may range betWeen about 200 
angstroms and about 1000 angstroms and is preferably about 
450 angstroms. The barrier metal ?lm may consist of one or 
more ?lms from the group consisting of Ta, TaN, TiN, 
TaSiN, TiSiN. 

[0034] FIG. 4 illustrates the deposition of a seed metal 
?lm 8 preferably comprising Cu, Which is deposited on the 
overall surface of barrier metal ?lm 7. The thickness of seed 
metal ?lm may range betWeen about 500 angstroms and 
about 2500 angstroms and is preferably about 1500 ang 
stroms. The barrier metal ?lm and the seed metal ?lm are 
preferably deposited by sputtering, although a CVD process 
may be used. 

[0035] FIG. 5 illustrates the deposition of a ?rst electro 
plating ?lm 9, Which preferably comprises Cu and is depos 
ited on the seed metal ?lm 8. As may be seen in FIG. 5, the 
narroW and deep left cavity Which includes via hole 5 is 
completely ?lled While Wide and shalloW right trench cavity 
60 is only partially ?lled during this ?rst electroplating step. 
Speci?cally, in the ?rst electroplating step, the ?rst electro 
plating ?lm 9 is preferably deposited to a minimum thick 
ness to reduce the formation of stress-induced voids, While 
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preferably ?lling the narroW and deep left cavity. The 
thickness of Cu ?lm 9 in a representative example may be 
about 0.3 pm. In general, the Width of the narroW and deep 
opening is preferably less than 0.6 pm, Which can be 
adequately ?lled using a 0.3 pm thick deposition in the 1’st 
Cu electroplating process. More generally, an opening is 
completely ?lled by depositing Cu at a thickness of about a 
half of Width of the opening. 

[0036] Electroplating Cu ?lm 9 is then annealed for a 
representative ?ve minutes at about 200 degrees C. Such an 
annealing step is necessary to increase the grain siZe and 
thus reduce the resistivity of the Cu ?lm 9, Which is very 
high right after deposition due to the small siZe of the Cu 
grains employed in the ?rst electroplating process. The time 
required for the annealing process is proportional to the 
annealing temperature. For example, at room temperature, a 
Cu ?lm 9 having a thickness of about 1.2 pm Would take 
approximately 4 days to reduce the surface resistance by 
20%. Thus, it is desirable to use an annealing process that 
has an elevated temperature. HoWever, elevating the anneal 
ing temperature above approximately 350 degrees C. intro 
duces defects in the IC, such as the lifting of the oxide ?lm. 

[0037] Additionally, the degree of reduction in the resis 
tivity is non-linear With layer thickness, annealing time, and 
temperature. For example, surface resistivity drops more 
than 15% When a Cu ?lm 9 having a thickness of about 0.3 
pm is annealed for about ?ve minutes at about 200 degrees 
C., While such a resistivity reduction in a Cu ?lm 9 having 
a thickness of 0.5 pm can be attained in about ?ve minutes 
at 150 degrees C. For the preceding example, it is desirable 
to anneal the ?rst Cu ?lm 9 for about ?ve minutes at about 
200 degrees C. in the case of the present invention, Which 
preferably uses about 0.3 pm Cu thickness in the ?rst 
electroplating ?lm 9. The resistivity Will drop as the tem 
perature increases until about 350 degrees C., after Which 
the annealing effect is diminished. Thus, the annealing 
process may be conducted at about 350 degrees C. to obtain 
a more stable Cu ?lm 9. 

[0038] FIG. 6 illustrates a resulting annealed Cu layer 10. 
As a result of the elevated temperature of the preferred 
annealing process, hoWever, an insulating thin oxide ?lm of 
copper 11 forms on the surface of Cu layer 10. This copper 
oxide layer 11 must be removed before the second electro 
plating step, in order to insure proper adhesion and connec 
tivity betWeen the ?rst and second electroplated Cu layers. 
While the Cu oxide layer 11 can be etched and removed 
using RF With gas of Ar, He, H2 or a mixture thereof or a 
conventional 1% HF solution, a preferred removal method 
employs H2504, Which is contained in the electroplating 
solution that is used in the copper electroplating (EP-Cu) 
process, producing the vieW as shoWn in FIG. 7. The latter 
process may comprise the step of placing the Wafer in an 
electroplating solution for an exemplary 30 seconds Without 
an electric current being applied, thereby dissolving the Cu 
oxide ?lm 11 on the surface of Cu layer 10. 

[0039] FIG. 8 illustrates the IC after completion of a 
second Cu electroplating step, preferably using a thicker 
(large-grained) Cu material. In the second electroplating 
step, the Wafer is placed in an electroplating solution and a 
second Cu layer 13 is deposited on ?rst Cu layer 10. The 
second electroplating Cu ?lm 13 preferably is deposited to 
a level that exceeds the depth of all trenches to be ?lled 
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because a metal pattern Which is formed in any region Wider 
than 5 pm should be ?lled before performing a planariZation 
process. An exemplary total thickness of electroplating Cu 
?lm 13 may be 1.4 pm for a trench depth of 1.2 pm. 

[0040] The second electroplating Cu ?lm 13 is preferably 
additionally deposited at a thickness of 1.1 pm since the ?rst 
electroplating Cu ?lm is deposited at a thickness of about 0.3 
pm. It should be noted that second electroplating Cu depo 
sition and the groWth of Cu grain occur simultaneously. 
Therefore an electroplated Cu layer having only half as 
much stress as a normal process may be formed When 
adopting a double electroplating Cu process. 

[0041] FIG. 9 illustrates the IC after completion of a 
planariZation/polishing to complete the formation of the 
damascene interconnects. By polishing the resulting IC 
preferably by CMP doWn to the surface of insulating layer 
4, damascene interconnects 14 are formed. 

[0042] The dual step process for the deposition of the 
copper provides a method for the rapid creation and anneal 
ment of a thin Cu layer that adheres Well to the seed metal 
?lm 8, While simultaneously providing a compatible adhe 
sive base for the deposition of a thicker overlaying Cu layer, 
that comprises the majority of the interconnection. In the 
foregoing, Where the above description features an electro 
plating process, it can be appreciated that an electroless 
plating process may be used to obtain identical results. 

[0043] A preferred embodiment of the present invention 
has been disclosed herein and, although speci?c terms are 
employed, they are used in a generic and descriptive sense 
only and not for purpose of limitation. Accordingly, it Will 
be understood by those of ordinary skill in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention as set 
forth in the folloWing claims. 

What is claimed is: 
1. A method of creating damascene interconnects having 

narroW and deep openings and Wide and shalloW openings in 
a semiconductor integrated device, comprising: 

A. depositing a plurality of layers on a semiconductor 
substrate to create an assembly having a top layer; 

B. forming a narroW and deep opening and a Wide and 
shalloW opening through at least tWo of the plurality of 
layers of the assembly.; 

C. depositing a protective barrier ?lm on eXposed surfaces 
of the assembly; 

D. depositing a seed metal ?lm on the protective barrier 
?lm; 

E. depositing a ?rst metal ?lm, such that the narroW and 
deep opening is completely ?lled; 

F. annealing the assembly having the ?rst metal ?lm; 

G. depositing a second metal ?lm on the ?rst metal ?lm 
such that the Wide and shalloW opening is completely 
?lled; and immediately thereafter 

H. planariZing the assembly to the top layer of the 
assembly. 

2. The method as claimed in claim 1, Wherein the ?rst and 
second metal ?lms are selected from the group consisting of 
a copper ?lm, gold ?lm, and platinum ?lm. 
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3. The method as claimed in claim 1, Wherein, in step F, 
the assembly is annealed at a temperature betWeen about 150 
to about 300 degrees Centigrade. 

4. The method as claimed in claim 3, Wherein the assem 
bly is annealed for a period of time betWeen about 3 minutes 
to about 30 minutes. 

5. The method as claimed in claim 1, Wherein the ?rst 
metal ?lm is deposited using an electroplating process. 

6. The method as claimed in claim 1, Wherein the ?rst 
metal ?lm is deposited using an electroless plating process. 

7. The method as claimed in claim 1, Wherein the second 
metal ?lm is deposited using an electroplating process. 

8. The method as claimed in claim 1, Wherein the second 
metal ?lm is deposited using an electroless plating process. 

9. The method as claimed in claim 1, Wherein the seed 
metal ?lm is deposited using a CVD process or a sputtering 
process. 

10. The method as claimed in claim 1, Wherein the top 
layer of the assembly is planariZed using a CMP process. 

11. A method of creating damascene interconnects having 
narroW and deep openings and Wide and shalloW openings in 
a semiconductor integrated device, comprising: 

A. depositing a plurality of layers on a semiconductor 
substrate to create an assembly having a top layer; 

B. forming a narroW and deep opening and a Wide and 
shalloW opening through at least tWo of the plurality of 
layers of the assembly; 

C. depositing a protective barrier ?lm on eXposed surfaces 
of the assembly; 

D. depositing a seed metal ?lm on the protective barrier 
?lm; 

E. depositing a ?rst metal ?lm, such that the narroW and 
deep opening is completely ?lled; 

F. annealing the assembly having the ?rst metal ?lm; 

G. cleaning any metal oXide on the ?rst metal ?lm; 

H. depositing a second metal ?lm on the ?rst metal ?lm 
such that the Wide and shalloW opening is completely 
?lled; and immediately thereafter 

I. planariZing the assembly to the top layer of the assem 
bly. 

12. The method as claimed in claim 11, Wherein the 
cleaning of the metal oXide on the ?rst metal ?lm is carried 
out by a reduction process using hydrogen-based plasma. 

13. The method as claimed in claim 11, Wherein the 
cleaning of the metal oXide on the ?rst metal ?lm is carried 
out by a chemical etching process. 

14. The method as claimed in claim 13, Wherein the 
chemical etching process is carried out using a chemical 
selected from the group consisting of inorganic acids and 
organic acids. 

15. The method as claimed in claim 13, Wherein the 
chemical etching process is carried out using a chemical 
selected from the group consisting of HF, HZSO4 and HCl. 

16. The method as claimed in claim 11, Wherein the ?rst 
and second metal ?lms are selected from the group consist 
ing of copper ?lm, gold ?lm, and platinum ?lm. 

17. The method as claimed in claim 11, Wherein in step F, 
the assembly is annealed at a temperature betWeen about 150 
to about 300 degrees Centigrade. 
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18. The method as claimed in claim 17, wherein the 
assembly is annealed for a period of time between about 3 
minutes to about 30 minutes. 

19. The method as claimed in claim 11, Wherein the ?rst 
metal ?lm is deposited using an electroplating process. 

20. The method as claimed in claim 11, Wherein the ?rst 
metal ?lm is deposited using an electroless plating process. 

21. The method as claimed in claim 11, Wherein the 
second metal ?lm is deposited using an electroplating pro 
cess. 

22. The method as claimed in claim 11, Wherein the 
second metal ?lm is deposited using an electroless plating 
process. 

23. The method as claimed in claim 11, Wherein the seed 
metal ?lm is deposited using a CVD process or a sputtering 
process. 

24. The method as claimed in claim 11, Wherein the top 
layer of the assembly is planariZed using a CMP process. 

25. A method of creating damascene interconnects having 
narroW and deep openings and Wide and shalloW openings in 
a semiconductor integrated device, comprising: 

A. depositing a plurality of layers on a semiconductor 
substrate to create an assembly having a top layer; 

B. forming a narroW and deep opening and a Wide and 
shalloW opening through at least tWo of the plurality of 
layers of the assembly.; 

C. depositing a protective barrier ?lm on eXposed surfaces 
of the assembly; 

D. depositing a seed metal ?lm on the protective barrier 
?lm; 

E. depositing a ?rst metal ?lm by an electroplating 
process using a copper acid solution, such that the 
narroW and deep opening is completely ?lled; 
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F. annealing the assembly having the ?rst metal ?lm; 

G. cleaning any metal oXide on the ?rst metal ?lm by a 
chemical etching process using the copper acid solu 
tion; 

H. depositing a second metal ?lm such that the Wide and 
shalloW opening is completely ?lled by an electroplat 
ing process using the copper acid solution; and imme 
diately thereafter 

I. planariZing the assembly to the top layer of the assem 
bly. 

26. The method as claimed in claim 25, Wherein the 
copper acid solution contains HCl and H2504. 

27. The method as claimed in claim 25, Wherein the step 
of cleaning any metal oXide on the ?rst metal ?lm is 
conducted for a period of time betWeen about 10 to about 60 
seconds. 

28. The method as claimed in claim 25, Wherein steps G 
and H are conducted sequentially in a same treatment vessel. 

29. The method as claimed in claim 25, Wherein in step F, 
the assembly is annealed at a temperature betWeen about 150 
to about 300 degrees Centigrade. 

30. The method as claimed in claim 29, Wherein in step F, 
the assembly is annealed for a period of time betWeen about 
3 minutes to about 30 minutes. 

31. The method as claimed in claim 25, Wherein the seed 
metal ?lm is deposited using a CVD process or a sputtering 
process. 

32. The method as claimed in claim 25, Wherein the top 
layer of the assembly is planariZed using a CMP process. 


