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PROCESS FOR FABRICATING COPPER 
INTERCONNECT FOR ULSI INTEGRATED 

CIRCUITS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method of manufactur 
ing semiconductor integrated circuit interconnect structures. 
The invention relates more particularly to a method for 
fabricating a copper interconnect system and a copper 
interconnect system, having a layer of CrO, or chromium 
oxide, fabricated by the method. 

[0003] 2. Background of the Invention 

[0004] Semiconductor integrated circuit devices typically 
comprise silicon and multiple layers of vertically stacked 
metal interconnect layers With dielectric materials disposed 
betWeen the metal layers. The fabrication of such devices 
typically involves the repeated deposition or groWth, pat 
terning, and etching of thin ?lms of semiconductor, metal, 
and dielectric materials. Multiple metalliZation layers are 
employed to accommodate higher densities as device dimen 
sions shrink to sub-micron levels and dielectric materials are 
utiliZed to separate the metalliZation, or conductive, regions. 
Contact openings are formed in the dielectric overlying a 
substrate region to provide conductive pathWays to a source, 
drain and gate regions from a ?rst metal layer. Via openings 
are formed in subsequent inter-level dielectric (ILD) layers 
separating various metal layers to provide conductive path 
Ways betWeen the metal layers. 

[0005] A passivation layer is often deposited over a top 
metal layer as an insulation and protection layer to prevent 
mechanical and chemical damage during assembly and 
packaging. To deposit the passivation layer, the Wafer sur 
face may be backsputtered, if needed, and one or tWo layers 
of inorganic silicon oxide and/or silicon nitride and/or 
silicon oxynitride is deposited by chemical vapor deposition. 
The passivation layer typically has 4000A of silicon oxide 
and 3000A of silicon nitride, or 10000A of silicon oxide, 
Where 4000A is etched back, and 3000A of silicon nitride. 
Other common passivation layers have a single coating of 
3000A of silicon nitride. An organic spin-on dielectric, such 
as polyimide, is also sometimes used on top of the inorganic 
dielectric to form the passivation layer. 

[0006] One common metal used for forming metal lines, 
or Wiring, on a Wafer is aluminum. Aluminum is relatively 
inexpensive, has a loW resistivity, and is relatively easy to 
etch. Aluminum has also been used as a material for forming 
interconnections in vias to connect the different metal layers. 
HoWever, as the siZe of the via, or contact holes, is decreased 
to sub-micron levels, a step coverage problem occurs, Which 
has led to reliability problems When using aluminum to form 
the interconnection betWeen different Wiring layers. The 
poor step coverage in the sub-micron vias results in high 
current density and enhances electromigration, Which is the 
transport of metal ions through conductors resulting from 
passage of direct electrical current. 

[0007] Metals, such as tungsten, have been used to 
improve interconnection paths. Aluminum is used for the 
Wiring, While tungsten plugs provide the interconnection 
betWeen the different levels of Wiring. HoWever, the tung 
sten processes are complicated and expensive. Tungsten has 
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a high resistivity, and tungsten plugs are susceptible to the 
presence of voids and form poor interface With the Wiring 
layers, resulting in high contact resistance. 
[0008] Copper is noW being used for ULSI metalliZation 
because of its loWer bulk electrical resistivity and its supe 
rior resistance to electromigration and stress voiding, as 
compared to commonly used aluminum and its alloys. 
Speci?cally, copper has a better electromigration property 
and loWer resistivity than aluminum and better electrical 
properties than tungsten. Thus, copper is a desirable metal 
for use in Wiring and plugs. 

[0009] A typical semiconductor With copper metalliZation 
includes a copper metalliZation ?lm directly deposited onto 
a patterned insulating ?lm, such as SiO2 ?lm, Which is 
deposited on a silicon substrate and over contact holes and 
trenches formed in an insulating ?lm so as to be positioned 
on diffused layers formed in the silicon substrate. The 
copper ?lm is then polished back to leave only copper in the 
trenches and contact holes in accordance With a Wiring 
pattern and then annealed at a temperature of about 400° C. 
to groW grains of copper and improve electromigration 
resistance. 

[0010] One of the problems With copper is that it is 
dif?cult to etch after deposition to form lines or via plugs. As 
a result, substantial time and expense is needed to etch 
copper. Chemical mechanical polishing has been used to 
polish aWay the unWanted copper material, but may be 
expensive and timely. Alternatively, copper may be selec 
tively deposited Within the vias to form plugs, Which elimi 
nates the polishing step. One technique to selectively deposit 
copper is electroless deposition, Which requires activation of 
a surface to electrolessly deposit copper and is performed 
after placement of a barrier layer for isolation from an 
adjacent dielectric layer. The copper plug must also be 
encapsulated in the via. 

[0011] Another major problem With copper is its fast 
diffusion in Si and drift in SiOZ-based dielectrics, resulting 
in the deterioration of devices at loW temperatures. A reac 
tion and interdiffusion betWeen copper in the metalliZation 
?lm and Si included in the substrate, or copper in the 
metalliZation ?lm and Si in the insulating ?lm, may occur 
during annealing or other heat treating processes. This 
reaction or interdiffusion may occur because the copper 
metalliZation ?lm is directly in contact With the Si substrate 
at the through holes in the insulating ?lm and causes an 
increase in contact resistance and degradation of the copper 
metalliZation. Barrier failure is caused by diffusion of copper 
along grain boundaries or through defects generated at 
elevated temperatures in the barrier ?lms, Which are rela 
tively intact, or by the reaction betWeen barrier ?lms and Si 
forming metal-rich suicides. Thus, it is necessary to prevent 
the reaction and interdiffusion betWeen Cu and Si. 

[0012] Asemiconductor device that addresses the problem 
of reaction and interdiffusion is knoWn. This device has a 
silicon substrate, an insulating ?lm in Which a contact hole 
is formed, a metallic layer deposited on the silicon substrate 
through the contact hole for forming an ohmic contact to the 
silicon substrate, a barrier layer deposited on the metallic 
layer for preventing reaction and an interconnection betWeen 
copper and silicon, and a metalliZation ?lm including copper 
deposited on the barrier layer. 

[0013] Another semiconductor device is knoWn to prevent 
oxidation of copper at Wire bonding in a pad electrode using 
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a thin ?lm having anti-oxidation and anti-diffusion proper 
ties. This thin ?lm is made of metallic material, such as Ti, 
W, Ta, or a compound of A1203, TiN, TiSi2, and WSi2. In 
general though, transition metals are not stable diffusion 
barriers betWeen copper and silicon or betWeen copper and 
Wire-bond metal or solder-bump metal. Adding Si to refrac 
tory materials, Ta, Mo, and W, to form an amorphous 
refractory metal-Si diffusion barrier improves barrier per 
formance. A conductive metal-oxide diffusion barrier can 
survive thermal anneals up to betWeen SOD-600° C. Copper 
oxide tends to form at the metal-oxygen /copper interface at 
higher temperatures. 

[0014] Another problem associated With copper intercon 
nect is degradation in bondability for bare die stored under 
normal conditions. The prior art addresses this problem by 
storing Wafers under dry nitrogen or using organic-protec 
tive coating on bond pads, but this can be expensive. 

[0015] Thus, it is desirable to have a method for fabricat 
ing copper interconnect that has an improved electromigra 
tion resistance, has better performance/reliability for Wire 
bonds, enables conventional passivation layer processes to 
be used, and alloWs Wafers to be stored for extended periods 
of time before assembly. 

SUMMARY OF THE INVENTION 

[0016] The invention is a method of manufacturing an 
integrated circuit including the steps of: (1) providing a 
Wafer having an inter-level dielectric ?lm and a barrier layer; 
(2) depositing a seed layer of copper on the barrier layer; (3) 
electroplating copper to a thickness suf?cient to ?ll in any 
valleys in the inter-level dielectric ?lm and cover an entire 
top surface of the Wafer; (4) chemical mechanical polishing 
the top surface to remove i) any excess portions of copper 
caused by the electroplating and ii) selected portions of the 
inter-level dielectric ?lm; (5) depositing a layer of CrO on 
the polished top surface to cover remaining portions of the 
copper; (6) depositing a passivation layer on the layer of 
CrO and portions of the inter-level dielectric ?lm; and (7) 
etching the passivation layer to form a via that exposes a 
selected portion of the layer of CrO. 

[0017] Another aspect of this invention is an integrated 
circuit comprising a Wafer having a surface, a copper layer 
and an inter-level dielectric ?lm formed on selected portions 
of the surface, a seed layer and a barrier layer formed 
betWeen the copper layer and the inter-level dielectric ?lm, 
a layer of CrO deposited substantially uniformly on top of 
the copper layer, a passivation layer covering any exposed 
portions of the copper layer and the inter-level dielectric 
?lm, and a via formed in the passivation layer exposing the 
layer CrO. 

[0018] In yet another aspect of this invention is a method 
of manufacturing an integrated circuit including the steps of: 
(1) providing a Wafer having bond pads comprised of a 
barrier layer, a seed layer formed thereon, and copper 
formed on said seed layer; (2) forming a layer of CrO on the 
copper (3) forming a passivation layer on the layer of CrO; 
and (4) etching the passivation layer to form a via that 
exposes the layer of CrO. 

[0019] In yet another aspect of this invention is an inte 
grated circuit including a bond pad, having a barrier layer, a 
seed layer formed on the barrier layer, a copper layer formed 
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on the seed layer, and a layer of CrO covering the copper 
layer, formed in an inter-level dielectric ?lm; and a passi 
vation layer formed on any exposed portion of the copper 
layer, the inter-level dielectric ?lm, and a selected portion of 
the layer of CrO. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a cross-sectional vieW of a portion of a 
multi-level metalliZation integrated circuit manufactured in 
accordance With a ?rst aspect of the invention. 

[0021] FIG. 2 is cross-sectional vieW of a portion of an 
integrated circuit manufactured in accordance With a second 
aspect of the invention. 

[0022] FIG. 3 is cross-sectional vieW of a portion of a 
multi-level metalliZation integrated circuit manufactured in 
accordance With the second aspect of the invention. 

DETAILED DESCRIPTION 

[0023] The invention Will be understood more fully from 
the detailed description given beloW, Which hoWever, should 
not be taken to limit the invention to a speci?c embodiment, 
but is for explanation and understanding only. 

[0024] A ?rst method of the invention is a method of 
manufacturing an integrated circuit including the steps of: 
(1) providing a Wafer having an inter-level dielectric ?lm 
and a barrier layer; (2) depositing a seed layer of copper on 
the barrier layer; (3) electroplating copper to a thickness 
suf?cient to ?ll in any valleys in the inter-level dielectric 
?lm and cover an entire top surface of the Wafer; (4) 
chemical mechanical polishing the top surface to remove i) 
any excess portions of copper caused by the electroplating 
and ii) selected portions of the inter-level dielectric ?lm; (5) 
depositing a layer of CrO on the polished top surface to 
cover remaining portions of the copper; (6) depositing a 
passivation layer on the layer of CrO and portions of the 
inter-level dielectric ?lm; and (7) etching the passivation 
layer to form a via that exposes a selected portion of the 
layer of CrO. 

[0025] Preferably, the inter-level dielectric is an inorganic 
compound, such as silicon oxide, silicon nitride, silicon 
oxynitride, or mixtures thereof, or an organic compound. 
Particularly preferred is an inter-level dielectric layer having 
SiO2. The barrier layer is preferably Ta, TaN, TiN, Ti, W, 
WN, TiSiN, TaSiN, or mixtures thereof 

[0026] The barrier layer may be backsputtered before the 
seed layer is deposited to improve adhesion of the seed layer. 
Sputtering is the preferred method to deposit the seed layer 
of copper, but it may also be deposited by chemical vapor 
deposition. After electroplating the copper, the chemical 
mechanical polishing removes any excess copper and the 
selected portions, such as the highest spots of the inter-level 
dielectric ?lm, so that What remains are vias and/or trenches 
that are ?lled just to the top. 

[0027] The layer of CrO may be deposited either by 
sputtering Cr in the presence of O2 or by evaporating Cr in 
the presence of O2. If these processes are utiliZed, then the 
CrO must be patterned using lithography to remove the CrO 
on the inter-level dielectric ?lm. Alternatively, the layer of 
CrO may be deposited by autocatalytic plating. The resulting 
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CrO layer covers the copper. In practice, an overhang head 
is likely to be used to completely cover all of the copper 
edges. 
[0028] The preferred thickness of CrO depends on the 
mechanical properties of the layer of CrO, Which in turn 
depends upon the particular process used to deposit the layer 
of CrO. The preferred thickness for common depositions is 
about ISO-600A and particularly preferred is an optimum 
thickness of about 300A. Chromium adheres Well to copper, 
thus preventing electrotransport of copper at the top surface. 
In this invention, oxidation of the copper surface is pre 
vented up to about 400° C. Copper oXide is detrimental 
because it greatly increases contact resistance and causes 
subsequent layers to have very poor adhesion. 

[0029] The passivation layer maybe silicon dioXide, sili 
con nitride, silicon oXynitride, doped versions of these 
materials, or mixtures thereof Typical dopants are ?uorine 
and boron. The passivation layer is preferably deposited by 
chemical vapor deposition, but may also be deposited by a 
spin-on dielectric glass or polymer process or a combination 
of these processes. The passivation layer is etched to form a 
via that eXposes a selected portion of the CrO layer to either 
enable Wire bonding, or solder bumping, to the top level of 
metal or to enable the neXt level of metal to contact the loWer 
levels of metal. The selected portion eXposed is dependent 
upon the area necessary for Wire bondings, solder bumping, 
or deposition of the neXt level of metal. 

[0030] A portion of a multi-level interconnect structure 
manufactured in accordance With the ?rst method is shoWn 
in FIG. 1. The integrated circuit includes a Wafer 1 having 
a surface 2 and three levels of metalliZation 5, 10, and 15. 
The ?rst level 5 includes an inter-level dielectric layer 3 
formed on the surface 2, a barrier layer 4 formed on the 
dielectric layer 3, a seed layer 6 formed on the barrier layer 
4, and copper 17 formed on the seed layer 6. The second 
level 10 has an inter-level dielectric 7 formed on the ?rst 
level 5, a barrier layer 8 formed on the dielectric layer 7, a 
seed layer 18 formed on the barrier layer 8, and copper 9 
formed on the seed layer 18. The third level 15 has an 
inter-level dielectric layer 11 formed on the second level 10, 
a barrier layer 12 formed on the dielectric layer 11, a seed 
layer 19 formed on the barrier layer 12, and copper 13 
formed on the seed layer 19. The third level also has a layer 
of CrO 14 formed uniformly in thickness on top of the 
copper 13. Avia 20 is formed in the passivation layer 16 to 
eXpose a portion of the layer of CrO 14. Apassivation layer 
16 is formed on top of the third level 15 and covers portions 
of the dielectric layer 11 and may cover portions of the layer 
of CrO 14, seed layer 19, barrier layer 12, and copper 13. 
The interconnect structure may also have only one metal 
layer Where the above-described third level of metalliZation 
is directly located on the surface of the Wafer. 

[0031] A second method of the invention is a method of 
manufacturing an integrated circuit including the steps of: 
(1) providing a Wafer having bond pads comprised of a 
barrier layer, a seed layer formed thereon, and copper 
formed on the seed layer; (2) forming a layer of CrO on the 
copper; (3) forming a passivation layer on the layer of CrO; 
and (4) etching the passivation layer to form a via that 
eXposes a selected portion of the layer of CrO. This method 
of the invention is used for bond pads on the top level, Which 
in this case is copper. The bond pads are the features in the 
top-level metal used to connect a chip to the interconnect. 
Chromium provides a good glue layer for under-bump metal 
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stack on bond pads for Wire bond. The bond pads may also 
be used for solder bumps for ?ip chip packages. 

[0032] A portion of an interconnect structure manufac 
tured in accordance With the second method is shoWn in 
FIG. 2. Inter-level dielectric layer 21 has been etched to 
form a trench in the shape of a bond pad. The bond pad 30, 
Within inter-layer dielectric 21, includes a barrier layer 22, 
a seed layer 28 formed on the barrier layer 22, and a copper 
layer 23 formed on the seed layer 28. A layer of CrO 24 
completely covers the copper layer 23 and a passivation 
layer 25 is formed on an eXposed portion of the inter-level 
dielectric layer 21. A small portion of the passivation layer 
25 usually covers a portion of the bond pad 30 to ensure a 
complete seal around the edges of the bond pad. Avia 51 is 
formed in the passivation layer 25 to eXpose a portion of the 
layer of CrO 24. A Wire bond is formed by a metal Wire 27 
and a ball-bond material 26. During the bonding process, 
once a bond is formed betWeen ball-bond material 26 and the 
copper layer 23 and layer of CrO 24, the metal Wire 27 is 
pulled aWay for making connection With a lead ?nger (not 
shoWn). 
[0033] Another portion of an interconnect structure manu 
factured in accordance With the second method, as shoWn in 
FIG. 3, is a multi-level interconnect structure. This bond pad 
50 is in a trench of inter-level dielectric layer 31, and 
includes a barrier layer 32 formed on a portion of the 
inter-level dielectric layer 31, a seed layer 29 formed on 
barrier layer 32, and a copper layer 33 formed on the seed 
layer 29. A layer of CrO 34 completely covers the copper 
layer 33 and a passivation layer 35 is formed on the layer of 
CrO 34 and portions of the inter-level dielectric layer 31. A 
barrier layer 7 is formed on the passivation layer 35, a metal 
layer 36 is formed on the barrier layer 37, and an inter-level 
dielectric ?lm 38 is formed on the eXposed metal layer 36 
and dielectric layer 35. A barrier layer 39 is formed on the 
dielectric layer 38, a metal layer 40 is formed on the barrier 
layer 39 that contacts metal layer 36, and an inter-level 
dielectric ?lm 41 is formed on the eXposed metal layer 40 
and dielectric layer 38. At the top of the bond pad 50, a 
barrier layer 42 is formed on the dielectric layer 41, and a 
metal layer 43 is formed on the barrier layer 42 that contacts 
metal layer 40. There may also be a seed layer (not shoWn) 
betWeen the metal layers 36, 40, and 43 and passivation 
layers 38, and 41, respectively. The metal Wire 44 is bonded 
to the metal layer 43 by ball-bond material 45. These 
additional metal layers above the layer of CrO in the bond 
pad could be used to construct a bond pad also containing 
aluminum. As a result, the second method could be used for 
various Wire bonding techniques, such as gold-Wire bonding 
to aluminum used during assembly and packaging. 

[0034] One or more of the above steps may be repeated 
any number of times. 

[0035] While the invention has been described With speci 
?city, 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 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. For eXample, the number of 
metalliZation layers may vary. 
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What is claimed is: 
1. A method of manufacturing an integrated circuit com 

prising: 
a. providing a Wafer having an inter-level dielectric ?lm 

and a barrier layer; 

b. depositing a seed layer of copper on said barrier layer; 

c. electroplating copper to a thickness suf?cient to ?ll any 
valleys in said inter-level dielectric ?lm and cover an 
entire top surface of said Wafer; 

d. chemical mechanical polishing said top surface to 
remove i) any excess portions of copper caused by said 
electroplating and ii) selected portions of said inter 
level dielectric ?lm; 

e. depositing a layer of CrO on said polished top surface 
to cover remaining portions of said copper; 

f. depositing a passivation layer on said layer of CrO and 
portions of said inter-level dielectric ?lm; and 

g. etching said passivation layer to form a via that exposes 
a selected portion of said layer of CrO. 

2. The method of claim 1 Wherein said inter-level dielec 
tric ?lm comprises at least one layer of an inorganic com 
pound selected from the group consisting of silicon oxide, 
silicon nitride, silicon oxynitride, and mixtures thereof. 

3. The method of claim 1 Wherein said inter-level dielec 
tric ?lm is SiO2. 

4. The method of claim 1 Wherein said inter-level dielec 
tric ?lm comprises at least one layer of an organic com 
pound. 

5. The method of claim 1 Wherein said barrier layer 
comprises a material selected from the group consisting of 
Ta, TaN, TiN, Ti, W, WN, TiSiN, TaSiN, or mixtures thereof. 

6. The method of claim 1 vvherein said layer of CrO has 
a thickness of about 150-600A. 

7. The method of claim 1 Wherein said layer of CrO has 
a thickness of about 300A. 

8. The method of claim 1 Wherein said layer of CrO is 
formed by sputtering Cr in the presence of O2 and said layer 
of CrO is patterned using lithography after said layer of CrO 
is deposited. 

9. The method of claim 1 Wherein said layer of CrO is 
formed by evaporating Cr in the presence of O2 and said 
layer of CrO is patterned using lithography after said layer 
of CrO is deposited. 

10. The method of claim 1 Wherein said layer of CrO is 
formed by autocatalytic plating Cr in the presence of O2. 

11. The method of claim 1 Wherein said barrier layer is 
backsputtered before said seed layer is formed to improve 
adhesion. 

12. The method of claim 1 Wherein said seed layer is 
formed by sputtering. 

13. The method of claim 1 Wherein said seed layer is 
formed by chemical vapor deposition. 

14. The method of claim 1 Wherein said passivation layer 
is comprised of a compound selected from the group con 
sisting of silicon dioxide, silicon nitride, silicon oxynitride, 
doped silicon dioxide, doped silicon nitride, doped silicon 
oxynitride, and mixtures thereof. 

15. The method of claim 1 Wherein said passivation layer 
is formed by a process selected from the group consisting of 
chemical vapor deposition, spin-on dielectric glass, spinon 
dielectric polymer, and combinations thereof. 

16. An integrated circuit made by the method of claim 1. 
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17. An integrated circuit comprising: 

a Wafer having a surface; 

a copper layer and an inter-level dielectric ?lm formed on 
selected portions of said surface; 

a seed layer and a barrier layer formed betWeen said 
copper layer and said inter-level dielectric ?lm; 

a layer of CrO deposited substantially uniformly on top of 
said copper layer; 

a passivation layer covering any exposed portions of said 
copper layer and said inter-level dielectric ?lm; and 

a via formed in said passivation layer, exposing a portion 
of said layer of CrO. 

18. A method of manufacturing an integrated circuit 
comprising: 

a. providing a Wafer having bond pads comprised of a 
barrier layer, a seed layer formed thereon, and copper 
formed on said seed layer; 

b. forming a layer of CrO on said copper; 

c. forming a passivation layer on said layer of CrO; and 

d. etching said passivation layer to form a via that exposes 
a selected portion of said layer of CrO. 

19. The method of claim 18 Wherein said barrier layer 
comprises a material selected from the group consisting of 
Ta, TaN, TiN, Ti, W, WN, TiSiN, TaSiN, and mixtures 
thereof. 

20. The method of claim 18 yvherein said layer of CrO has 
a thickness of about 150-600A. 

21. The method of claim 18 Wherein said layer of CrO has 
a thickness of about 300A. 

22. The method of claim 18 Wherein said layer of CrO is 
formed by sputtering Cr in the presence of O2 and said layer 
of CrO is patterned using lithography after said layer of CrO 
is deposited. 

23. The method of claim 18 Wherein said layer of CrO is 
formed by evaporating Cr in the presence of O2 and said 
layer of CrO is patterned using lithography after said layer 
of CrO is formed. 

24. The method of claim 18 Wherein said layer of CrO is 
formed by autocatalytic plating Cr in the presence of O2. 

25. The method of claim 18 Wherein said passivation layer 
is comprised of a compound selected from the group con 
sisting of silicon dioxide, silicon nitride, silicon oxynitride, 
doped silicon dioxide, doped silicon nitride, doped silicon 
oxynitride, and mixtures thereof. 

26. The method of claim 18 Wherein said passivation layer 
is formed by a process selected from the group consisting of 
chemical vapor deposition, spin-on dielectric glass, spin-on 
dielectric polymer, and combinations thereof. 

27. The method of claim 18 further comprising: 

c. depositing multiple metal interconnect layers on said 
passivation layer and layer of CrO. 

28. An integrated circuit made by the method of claim 18. 
29. An integrated circuit comprising: 
a bond pad, having a barrier layer, a seed layer formed on 

said barrier layer, 

a copper layer formed on said seed layer, and a layer of 
CrO covering said copper layer, formed in an inter 
level dielectric ?lm; and 

a passivation layer formed on any exposed portions of 
said copper layer, said inter-level dielectric ?l, and a 
portion of said layer of CrO. 

* * * * * 


