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A METHOD TO FORM COPPER DAMASCENE INTERCONNECTS USING 

A REVERSE BARRIER METAL SCHEME TO ELIMINATE COPPER. 

DIFFUSION 

·": 

BACKGROUND OF. THE INVENTION-· 

(1) Field of the Invention 

The invention relates to a method of fabricating 

silicon structures, and more particularly, to the 

prevention of copper dif fusiori into dielectric layers 

during the formation of damascene copper interconnects in 

.the manufacture of integrated circuit devices. 

(2) Description of the Prior Art 

Copper damascene interconnects are becoming 

increasingly common in the art of integrated circuit 

manufacture. Copper interconnects offer a significant 

advantage over traditional aluminum interconnects because· 

of the lower resistivity of copper. Unfortunately, copper 

does not·etch as easily as aluminum. This fact makes it 

difficult to fabricate copper interconnects using the 

traditional deposition and patterning techniques. 



, ... -

•. 

.. 

Damascene techniques allow copper to be used as the 

interconnect material. In damascene processes, trenches are 

first patterned into a· dielectric material. Then· copper is 

deposited overlying the dielectric material·· to fill the 

trenches. Finally, a polish down operation is performed to 

remove excess copper and to form the interconnect patterns 

within the confines of the trenches. 

Referring to Fig. 1, a cross~sectiort of a partially 

completed dual damascene structure in a prior art 

integrated circuit device is shown. A fir~t dielectric 

layer 12 overlies a semiconductor substrate 10. A first 

copper interconnect 18, isolat~d by a first barrier layer 

14, is formed through the first dielectric layer 12. ·A· 

passivation layer 22 is formed overlying the first 

.dielectric layer 12 and the first copper interconnects 1~. 

A second dielectric layer 26 overlies the passivation layer 

22. An etch stopping layer 30 overlies the second 

dielectric layer 26. A third dielectric layer 34 overlies 

the etch stopping layer 30. Finally, a cap layer 38 is 

formed overlying the third dielectric layer 34. 
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A trench and via trench have been etched in the 

dielectric layers overlying the first copper interconnects 

18. The trench and via extend through both the.third 

dielectric layer 34 and the second dielectric layer 26. In 

this configuration, the structure is described as dual 

damascene because, when a copper layer is subsequently 

deposited and polished down, both the via and the 

interconnects will be formed at the same time. Note that 

the passivation layer 22 that overlies the copper 

interconnect 18 has not been etched at this step in the 

process. 

Referring now to Fig. 2, the passivation layer 22 is 

etched through to expose the underlying copper interconnect 

18. At this point one significant problem in the prior art 

is demonstrated. To completely etch the passivation laye·r 

22, some over etching must occur. During the over etchi~g, 

copper material, in the form of elemental copper, copper 

oxides~ and/or copper fluorides, in the copper interconnect 

18 is also etched. The copper material that is displaced 

may then be sputter deposited 42 onto nearby surfaces. 

Some of the displaced copper i~ sput~er deposited onto the 

surfaces of the second dielectric layer 26, the third 
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dielectric layer 34, the etch stopping layer 30, and 

possibly the cap layer 38 as shown by 44. 

The sputtered copper 44 would then diffuse into the 

~econd dielectric layer 26, the third dielectric layer 34, 

and, possibly, into the etch stopping layer 30 and the 

passivation layer 22. A wet or dry cleaning method is 

typically used to remove the sputtered copper but may still 

leave some sputte-red copper if the cleaning chemistry 

. employed is ineffective. 

Referring now to Fig. 3,· a barrier layer 46 is 

deposited overlying the cap layer 38 and filling the 

trench.· The barrier layer 46 is typically composed of a 

refractory metal or· refractory metal nitride. The purpose 

of the barrier layer 46 is to stop copper out-diffusion 

from the interconnect trench into the surrounding 

dielectric material. Unfortunately, if the cleaning method 

is ineffective, the sputter deposited copper 44 underlies 

the barrier layer 46. Therefore, further copper 

out-diffusion into the dielectric material occurs. 

Finally, a copper layer 50 is deposited overlying the 

barrier layer 46. The copper layer 50 completely fills the 

trenches. 
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Referring now to Fig. 4, the copper layer 50 and 

barrier layer 46 are polished down to expose the top 

surface of the cap layer 38. This polish down step removes 

the excess copper layer 50 to.define the second copper 

interconnect and the via~· A second problem is seen herein 

as significant dishing 54 occurs in the copper layer 50 

overlying the trench." The cause of this dishing is the 

relatively higher polishing rate of the copper layer 50 

compared to the barrier layer 46. Removal of all of .the 

barrier layer 46 causes an over polish of the copper layer 

50 and the undesirable dishing 54 results. 

Several prior art approaches disclose methods to form 

dual damascene structures in the fabrication of integrated 

circuits. U.S. Patent 5,821,168 to Jain discloses a 

process to form dual damascene structures. First, the 

trench and via are etched through the dielectric layers to 

the expose the top surface of the underlying copper trace. 

Second, a barrier layer is formed over the dielectric by 
.. 

nitriding. Third, a silicon adhesion layer is formed 

overlying the nitrided layer. Finally, copper is deposited 

and polished down to complete the dual damascene structure. 

U.S. Patent 5,741~626 to Jain et al teaches a process to 
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use tantalum nitride as an anti-reflective coating in the 

fabrication of dual damascene structures. U.S. Patent 

5,578,523 to Fiordalice et al discloses a process to form 

dual damascene structures where a polish assist layer is 

used to prevent dishing during the chemical· mechanical 

polish of the metal layer. U.S. Patent 5,871,572 to Chiang 

et al teaches a process to form dual damascene structures. 

U.S. Patent 5,882,996 to Dai discloses a process to etch 

dual damascene trenches where a stack of photoresist, anti­

.reflective coating, and photoresist is used to pattern th~ 

trenches. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to 

provide an effective and very manufacturable ~ethod of 

forming single or dual damascene copper interconnects in 

the manufacture of integrated circuits . 

A further object of the present invention is to 

provide a method to fabricate damascene copper 

interconnects where a barrier layer overlying a ·dielectric 
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layer prevents the copper contamination of the dielectric. 

layer during the via etch. 

A yet further object of the present invention is to 

provide a metho~ to fabricate damasc~~e co~per 

interconnects where excess barrier layer is removed prior 
Ii 

to the deposition of the copper via fill layer to prevent 

dishing of the copper layer during the polish down step. 

In accordance with the objects of this invention, a 

new method of fabricating dual damascene interconnects has 

been achieved. Copper traces through an isolation layer 

are provided overlying a semiconductor substrate. A 
.. 

passivation layer is deposited overlying the copper-traces 

and the isolation layer. A first dielectric layer is 

deposited overlying the passivation layer. An etch 

stopping layer is deposited overlying the first di~lectric 

layer. A second dielectric layer is deposited overlying 

.. the etch stopping layer. A cap layer is deposited 

overlying the second dielectric layer. The cap layer, the 

second.dielectric layer, the etch stopping layer, and the 

first.dielectric layer are patterned to form interconnect 

trenches and via trenches for the dual damascene 

interconnects overlying the copper traces •. A barrier layer 
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is deposited overlying the passivation layer, the first 

dielectric layer, the etch stopping layer, the second 

dielectiic layer, and the tap layer. Depending.on the 

thickness of the layers and the etching selectivity, the 

barrier layer may be etched through to expose the top 

surfaces of the passivation layer and the cap layer. The 

remaining barrier layer isolates the sidewalls of the 

interconnect trenches and via trenches. The passivation 

layer is etched through to expose the top surf ace of the 

copper traces. The _barrier layer prevents copper 

sputtering onto the first dielectric layer and the second 

dielectric layer. A copper layer is depo~ited overlying 

the cap layer and completely tilling the inteconnect and · 

via trenches. The copper layer is polished down to the top 

surface of the cap layer to complete the dual d~rnascene· 

interconnects, and the integrated circuit device is 

completed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a material part 

of this description, there is shown: 

8 



Figs. 1 through 4 schematically illustrate in cross-

section a partially completed prior art dual damascene 

interconnect in an integrated circuit device. 

Figs. 5 through 10 schematically illustrate in cross-

sectional representation ·a pref erred embodiment of the 

present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This embodiment discloses·the.application of the 

present invention to the formation of dual damascene 

interconn·ects. The present invention can easily be applied 

to the formation of single damascene interc"onnects as well. 

It should be clear to those experienced in the art that. the 

present invention can be applied and extended without 

deviating from the scope of the present invention . 

.. 
Referring now more particularly to Fig. 5, there is 

illustrated a cross section of a partially completed 

integrated circuit device. In the preferred ·embodiment, 

the present invention is applied to a dual damascene 

interconnect trench and via trench as shown. A 
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semiconductor substrate 60 is preferably composed of 

monocrystalline silicon. Copper traces 68 are 

conventionally provided through an isolation layer 62 

overlying the semiconductor substrate 60. Typically in the 

art, a barrier metal layer 64 is formed between the copper 

traces 68 and the isolation layer 62. The top surfaces of 

the copper traces 68 and the isolation layer 62 are 

coplanar and exposed. Although not specifically · 

illustrated within the cross section of Fig. 5, the 

isolation layer 62 may comprise several additional 

microelectronic layers as are commonly employed within the 

microelectronics fabrication.· The topmost.metal in these 

microelec.tronic layers would be the copper traces 68. 

A passivation layer 72 is deposited overlying the 

copper traces 68 and the.isolation layer 62. The 

passivation layer 72 serves as an etching stop in the vi~ 

trench etch. The passivation layer 72 preferably comprises 

silicon nitride deposited to a thickness of between about 

200 Angstroms and 5,000 Angstroms. 

A first dielectric layer 76 is depo~ited overlying the 

passivation layer 72 to a thickness of between about 1,000 

Angstroms and 10,000 Angstroms." The first dielectric layer 
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76 is preferably comprised of silicon dioxide, fluorinated 

silicon dioxide, hydrogen-doped silicon dioxide, carbon ·and 

hydrogen-doped silicon dioxide, or an organic polymer 

(fluorinated or non-fluorinated) . 

An etch stopping layer 80 is deposited overlying the 

first dielectric layer 76 to a thickness of between about 

200 Angstroms and 5,000 Angstroms. The etch stopping layer 

80 acts as an etching stop during the interconnect trench · 

etch, if a separate interconnect trench etch is performed.~ 

If used, the etch stopping layer 80 is typically comprised 

of silicon nitride. 

A second dielectric layer 84 is deposited overlying 

the etch stopping layer 80 to a thickness of between about 

1,000 Angstroms and 10,000 Angstroms. The second 

dielectric layer 7.6 is preferably comprised of silicon 

dioxide, fluorinated silicon dioxide, or a low dielectric 

constant material such as methyl silsesquioxane or 

amorphous fluorocarbon polyimide . 

A cap layer 88 is deposited overlying the second 

dielectric layer 84. The cap layer 88 is typically 

comprised of silicon nitride deposited conventionally to a 
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thickness of between about 100 Angstroms and 5,000 

Angstroms. 

The trenches for the dual damascene interconnects and 

vias may be formed using any of several techniques. The 

lower via trench may be patterned and etched through first, 

followed by the upper interconnect trench.· Likewise, the 

upper interconnect trench may be patterned and etched 

before the lower via trench. In addition, a self-aligned 

trench scheme may be used wherein both the upper and lower 

trenches are etched at the same time. For a self-aligned 

scheme, for example, the cap layer 88 and etch stopping 

layer 80 could be used as hard masks. All of these methods 

are .known in the art. J;n the pref erred embodiment, the cap 

layer 88, second dielectric layer 84, etch stopping layer 

80, and first dielectric layer 76 are patterned to form the 

interconnect trenches and via trenches for the· dual 

damascene interconnects. 

Referring now to Fig. 6, ·an important feature of the 

present invention is shown. A barrier layer 92 is 

deposited overlying the passivation layer 72, the first 

dielectric layer 76, the etch stop layer 80, the·second 

dielectric layer 84, and the cap layer 88. The purpose of 
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the barrier layer 92 is to serv~ as a barrier between the 

first dielectric layer 76 and the second dielectric layer 

84 and the copper material that will serve as tRe dual 

damascene interconnect and via. The barrier layer 92 will 

prevent copper from out-diffusing into the dielectric 

material. The thickness of the barrier layer 92 is between 

about 50 Angstroms and 2,000 Angstroms. 

The barrier layer 92 may be comprised of any of the 

group of: metals, such as tantalum and titanium; metal 

nitrides, such as tungsten nitride, titanium nitride, and 

tantalum nitride; metal silicon nitrides, such as· tantalum 

silicon nitride~ metal boron nitrides~ such as tungsten 

boron nitride (WBN); and metal oxides, such as aluminum 

oxide. Combinations of metals, metal nitrides, metal 

silicon nitrides, metal boron nitrides, and metal oxides 

can also be used for the barrier layer 92. In addition, .if 

tungsten nitride is selected as the barrier layer 92, it is 

not necessary to deposit a copper seed layer prior to 

electroless plating of copper. Tungsten nitride will act 

as a catalyst for the deposition of copper during the 

plating process. 
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Referring now to Fig. 7, another important feature of 

the present invention is shown. The barri~r layer 92 is 

etched though to expose the top surfaces of the.passivation 

layer 72 and the cap layer 88. The barrier layer 92 may be 

left on the top surfaces of the passivation layer 72 and/or 

cap layer 88, depending on the initial barrier layer 92 

thickness and the etching selectivity of the barrier layer 

92 compared to that of the underlying layers. An 

anisotropic reactive ion etch leav~s the barrier layer 92 

only on the verti~al sidewalls of the tr~nches. This etch 

has a chemistry comprising: one of the group of chlorine 

(Cl2), boron trichloride (BCl3"), CF4, SF6, and combinations 

of these gases. Preferably, a combination of· two or more 

of these gases would be used. By leaving the barrier layer 

92 over the sidewalls of the trench, the first dielectric 

layer 76 and second dielectric layer 84 are protected from 

the sputtering of copper trom the copper traces 68 during 

the subsequent etch of the passivation layer 72. 

Referring now to Fig. 8, the passivation layer 72 is 

etched through to expose the top surf aces of the copper 

traces 68. This completes the via trenches of the dual 

damascene structure. The passivation layer 72 etch is 

performed using a conventional reactive ion etch. To 
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insure that all of the passivation layer 72 has beeh 

removed, some over etching into the underlying copp~r 

material occurs. Therefore, some of the copper· is sputter 

deposited 96 to other parts of the structure. · Fortunately, 

the barrier layer 92 protects the dielectric layers from 

copper diffusion. After.the etch, any free copper or etch 

products are then removed by a solvent stripper that does 

not have a significant strip rate on the barrier layer 92 .·. 

Referring now to Fig. 9, a copper layer 100 is 

deposited overlying the cap layer 88 and completely filling 

the trench. In the preferred ··embodiment, the copper layer 

100 is deposited by electrochemical plating. A copper seed 

layer is.first deposited using physical vapor deposition 

(PVD) or chemical vapor deposition (CVD). Then, the copper 

layer 100 is then deposited by electrochemical plating. 

If tungsten nitride is used for the barrier layer 92, 

then no copper seed layer is necessary. A seedless 

electrochemical plating of copper is then used to deposit 
.· 

the copper layer 100. The tungsten nitride will serve as 

the catalyst for this plating reactiori. 
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Referring now to Fig. 10, the copper layer 100 is 

polished down to the top surface of the cap layer 88 to 

complete the dual damascene interconnects. The.copper 

layer 100 is polished down using conventional chemical 

mechanical polishing (CMP) . The key feature of removing 

the barrier layer 92 from the top surface of the cap layer 

88 eliminates dishing of the copper layer ioo. As 

discussed in the prior art analysis, the dishing problem is 

caused by the higher etching rate of the copper layer 100 

compared to the etching rate of the barrier layer 88. In 

the present invention, the barrier layer 88 is already 

confined to the trench~ Therefore, since rio polish down of 

the barrier layer 88 is required, the CMP step can be 

stopped before significant dishing occurs. A relatively 

flat surface 104 on the copper layer 100 is therefore 

created by the CMP step. The integrated circuit can then 

be completed by conventional means. 

As shown in the preferred embodiment, the present 

invention provides a very manufacturable process for 

fabricating damascene or dual damascene structures in the 

manufacture of integrated circuit devices. Copper 

contamination of the dielectric layers and copper dishing 
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are eliminated by the technique disclosed in the present 

invention. 
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CLAIMS 
1. A method to prevent copper diffusion into dielectric 

layers in the fabrication·. of a damascene via in the 

manufacture of an integrated circuit device c~mprising: 

providing copper traces through an isolation layer 

.. 
5 overlying a semiconductor substrate; 

depositing a passivation layer overlying said copper 

traces and said isolation layer; 

depositing a dielectric layer overlying sa"id 

passivation layer; 

10 depositing a cap layer overlying said dielectric 

layer; 

patterning said cap layer and said "dielectric layer to 

form an opening for planned said damascene via and to 

expose the top surface of said passivation layer overlying 

15 said copper traces; 

depositing a barrier layer overlying said·passivation 

layer and said dielectric layer; 

etching though said barrier layer to expose the top 

surfaces of said passivation layer and said cap layer 
... 

20 wherein remaining said barrier layer isolates sidewalls of 

said opening; ·and 

etching through said passivation layer to the top 

surf ace of said copper traces to 'complete said damascene 

via in the manufacture of said integrated circuit device. 
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2. The method according to Claim 1 wherein said passivation 

layer comprises silicon nitride .. 

3. The method according to Claim 1·wherein said dielectric 

layer comprises one of the group of: silicon dioxide, 

fluorinated silicon dioxide, hydrogen-doped silicon 

dioxide, carbon and hydrogen-doped silicon dioxide, 

5 fluorinated organic polymer, and non-fluorinated organic 

polymer. 

4. The method according to :claim 1 wherein said cap layer 

comprises silicon nitride. 

5. .The method according to Claim 1 wherein said barrier 

layer comprises one of the group of: metals, metal 

nitrides, metal silicon nitrides, metal boron nitrides~ and 

metal oxides. 

6. The method according to Claim 1 wherein said step of 

etching through said balrier layer to expose the top 

surfaces of said passivation layer and said cap layer is by 

anisotropic reactive ion etching having a chemistry 
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·5 comprising: chlorine (Cl2}, boron trichloride (BC13 ), carbon 

tetrafluoride ·(CF4}, sulfur hexafluoride (SF6), and 

combinations of these gases. 

7. The method according to Claim 1 wherein said barrier 

layer is deposited to ~ thicktiess of between about 50 

Angstroms and 2,000 Angstroms. 

8. The method according to Claim 1 wherein said barrier 

layer prevents copper sputtering onto ~aid dielectric layer 

during said step of etching through said passivation layer. 

9. A method to prevent copper diffusion into dielectric 

layers in the f a~rication of dual damascene interconnects 

in the manufacture of an integrated circuit device 

comprising: 

5 providing copper. traces through an isolation layer 

overlying a semiconductor substrate; 

depositing a passivation layer overlying said copper 

traces and said isolation layer; 

depositing a dielectric layer overlying said 

10 passivation layer; 

depos_i.ting a cap layer overlying said dielectric 

layer; 

20 



. 1-11111111\llll ·lllll lllll II Ill\ , 
•··· C L ,. M S * . , 

patterning said cap layer and said dielectric layer to 

expose the top surface of said passivation layer and to 

15 form interconnect trenches and.via trenches for dual 

damascene interconnects overlying said conductive traces; 

depositing a barrier layer overlying said passivation 

layer, said dielectric layer, and said cap layer; 

etching though said barrier layer to expose the top 

20 surfaces of said passivation layer and said cap layer 

25 

wherein remaining said barrier layer isolates sidewalls of 

said interconnect trenches and via trenches; 

etching through said passivation layer to expose the 

top surface of said copper ·traces; 

depositing a copper layer overlying said cap layer, 

said barrier layer, and said conductive traces, and 

completely filling said interconnect trenches and said via 

trenches; and 

polishing down said copper layer to the top surfac.e of 

30 said cap layer thereby completing said dual damascene 

inte.rconnects in the manufacture of said integrated circuit 

device. 

10. The method according to Claim 9 wherein said 

passivation layer comprises silicon nitride. 
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11. The method according to Claim 9 wherein said dielectric 

layer comprises one of the group of: silicon diox~de, 

f luoiinated silicon dioxide, hydrogen-doped silicon 

dioxide, carbon and hydrogen-doped silicon dioxide, 

5 fluorinated organic polymer, and non-fluorinated organic 

r 

polymer. 

12. The method accor~ing to Claim 9 wherein safd cap layer 

comprises silicon nitride. 

13. The method according to Claim·9 wherein saidbarrier 

layer comprises one of the ·group of: metals, metal 

nitrides, metal silicon nitrides, metal boron nitrides1 and 

metal· oxides. 

14. The method according to Claim 9 wherein said barrier 

layer .Prevents copper sputtering onto said dielectric ~ayer 

during said step of etching through said passivation layer~ 

15. The method according to Claim 9 wherein said barrier 

layer comprises tungsten nitride and wherein said step of 

depositing said copper l~yer i~ by seedless. electrochemical 

plating. 
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16. A method to preve·nt copper diffusion into dielectric 

layers in the fabrication of dual damascene interconnects 

in the manufacture of an integrated circuit device 

comprising: 

5 providing copper traces through an isolation layer 

overlying a semiconductor substrate; 

depositing a passivation layer of silicon nitride 

overlying said copper traces and said isolatio~·layer; 

depositing a first dielectric layer overlying said 

10 passivation layer; 

depositing an etch stopping layer ov~rlying said first 

dielectric layer; 

depositing a second dielectric layer overlying said 

etch stopping layer; 

15 depositing a cap layer overlying said second 

dielectric layer; 

patterning said cap layer, said second dielectric 

layer, said etch stopping layer, and said first dielectric 

layer to expose the top surface of said passivation layer 

20 and to form interconnect trenches and· via trenches for dU:al 
·· .. 

damascene interconnects overlying said conductive traces; 

depositing a barrier layer of tungsten nitride 

overlying said pasiivation layer, said second dielectric 

layer, said etch stopping layer, said cap layer, and said 
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25 first dielectric layer; 

30 

etching though said barrier layer to expose the top 

surfaces of said passivation layer and said Gap layer 

wherein remaining said barrier layer isolates sidewalls of 

said interconnect trenches and via trenches; 

etching through said passivation layer to expose the 

top surf ace of said copper traces wherein said barrier 

layer prevents copper sputtering onto said first dielectric 

layer and said second dielectric layer; 

depositing a copper layer by seedless electrochemical 

35 plating overlying said cap layer, said barrie.r layer, and 

said copper traces, and completely filling said via 

trenches and said interconnect trenches; and 

polishing down said copper layer to the top surface of 

said cap layer thereby completing said dual damascene 

40 interconnects in the manufacture of said integrated circuit 

device. 

17. The method according to Claim 16 wherein said first 

dielectric layer comprise one of the group of: silicon 

dioxide, phosphosilicate glass and polyimide. 

18. The method according to Claim 16 wherein said etch 

stopping layer comprises sil~con nitride . 

. 24 



.111111111111111111111111111111 
* C L . M S * 

19. The method according to Claim 16 wherein said second 

dielectric layer comprise one of the group of; silicon 

·dioxide, fluorinated silicon dioxide, hydrogen-doped 

silicon dioxide, carbon and .hydrogen-doped silicon dioxide, 

5 fluorinated organic polymer, and non-fluorinated organic 

polymer. 

20. · The method according to Claim 16 wherein sa·id cap layer 

comprises silicon nitride. 
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