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Claims:  

 

1.  A method of fabricating an interconnect structure comprising:  

forming a conductive line;  

forming a first capping layer selectively over the conductive line and a dielectric 

layer;  

forming a dielectric barrier layer over the dielectric layer and over the first 

capping layer;  

forming a low-k layer over the first capping layer;  

exposing the conductive line including forming a mask layer having an opening 

over the low-k layer,  

narrowing the opening in the mask layer, and  

forming a via by extending the narrowed opening through the low-k layer at 

least to the first capping layer;  

forming a first diffusion barrier layer on sidewalls of the via; and  

filling the via with a first conductive material.  

 

2.  The method of claim 1 wherein forming the conductive line includes  

forming the dielectric layer  

defining a first trench in the dielectric layer, and  

filling the first trench with a second conductive material.  

 

3.  The method of claim 2 wherein forming the dielectric layer comprises 

depositing an organosilicate glass.  

 

4.  The method of claim 2 wherein forming the conductive line includes forming a 

second diffusion barrier layer within the first trench.  

 

5.  The method of claim 1 wherein forming the dielectric barrier layer comprises 

depositing silicon carbide, silicon nitride, or silicon carbon nitride.  
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6.  The method of claim 1 wherein forming the via includes extending the narrowed 

opening through the first capping layer to the conductive line.  

 

7.  The method of claim 1 wherein forming the first capping layer includes 

electroless plating of cobalt or a cobalt-alloy.  

 

8.  The method of claim 1 wherein forming the low-k layer includes depositing an 

organosilicate glass.  

 

9.  The method of claim 1 wherein forming the mask layer includes depositing a 

photoresist layer and forming the opening in the photoresist layer.  

 

10.  The method of claim 9 wherein forming the mask layer includes forming a hard 

mask layer before forming the photoresist layer.  

 

11.  The method of claim 1 wherein narrowing the opening includes forming a 

conformal deposition layer on sidewalls of the opening.  

 

12.  The method of claim 11 wherein forming the conformal deposition layer 

includes cycling between deposition and etching.  

 

13.  The method of claim 1 wherein forming the first diffusion barrier layer includes 

atomic layer deposition of ruthenium.  

 

14.  The method of claim 1 wherein forming the first diffusion barrier layer includes 

atomic layer deposition of tantalum.  

 

15.  The method of claim 1 wherein forming the first diffusion barrier layer includes 

supercritical CO2 deposition of ruthenium.  

 

16.  The method of claim 1 wherein forming the first diffusion barrier layer includes 

supercritical CO2 deposition of tantalum.  
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17.  The method of claim 1 wherein forming the first diffusion barrier layer includes 

depositing a metal by a method selected from the group consisting of chemical vapor 

deposition, plasma-enhanced chemical vapor deposition, and plasma-enhanced atomic 

layer deposition.  

 

18.  The method of claim 1 further comprising, after forming the via and before 

forming the first diffusion barrier layer, forming a second trench in the low-k layer, the 

trench being aligned with the via.  

 

19.  The method of claim 18 wherein forming the first diffusion barrier layer on 

sidewalls of the via includes forming the first diffusion barrier layer on sidewalls of the 

second trench.  

 

20.  The method of claim 18 wherein filling the via with the second conductive 

material includes filling the second trench with copper.  

 

21.  The method of claim 1 further comprising forming a second capping layer 

selectively over the via.  

 

22. A method of fabricating an interconnect structure, comprising:  

forming a first conductive line in a dielectric layer;  

forming a first capping layer selectively over the conductive line;  

forming a low-k layer over the first capping layer and in contact with the 

dielectric layer;  

forming a dielectric barrier layer over the dielectric layer and over the first 

capping layer;  

exposing the conductive line including  

forming a mask layer having an opening over the low-k layer,  

narrowing the opening in the mask layer, and  

forming a via by extending the narrowed opening through the low-k 

layer and the first capping layer and to the first conductive line;  
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forming a first diffusion barrier layer on sidewalls of the via; and  

filling the via with a first conductive material.  

 

23. The method of claim 22 further comprising forming a second conductive line in 

the low-k layer.  

 

24. The method of claim 23 further comprising forming a second capping layer 

selectively over the second conductive line.  

 

25. The method of claim 22 wherein forming the first conductive line in the 

dielectric layer includes forming a second diffusion barrier layer in the dielectric layer. 



CLAIMS 

What is claimed 

1. A method of fab eating an interconnect structure comprising: 

forming a cond ctive line; 

forming a first capping layer selectively over the conductive line; 

forming a low-k laye over the first capping layer; 

exposing the conductiv 	line including 

forming a mask la rr having an opening over the low-k layer, 

narrowing the opening in the mask layer, and 

forming a via by extendi 	the narrowed opening through the low-k 

to the first capping layer; 

forming a first diffusion barrier layer 	n sidewalls of the via; and 

filling the via with a first conductive ma 	n 1. 

layer at least 

2. The method of claim 1 wherein forming the condu tive line includes 

forming a dielectric layer, 

defining a first trench in the dielectric layer, and 

filling the first trench with a second conductive maten 	. 

3. The method of claim 2 wherein forming the dielectric layer corn crises depositing 

organosilicate glass. 

an 
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4. The meth.. of claim 2 wherein forming the conductive line includes forming a second 

diffusio 	barrier layer within the first trench. 

5. The method of cl• m 1 further comprising forming a dielectric barrier layer over the dielectric 

layer and over t e first capping layer and forming the via includes extending the 

narrowed opening hrough the dielectric barrier layer. 

6. The method of claim 5 wherein forming the dielectric barrier layer comprises depositing 

silicon carbide, silicon ni 	'de, or silicon carbon nitride. 

7. The method of claim 1 wherein fo 	ing the via includes extending the narrowed opening 

through the first capping layer to he conductive line. 

8. The method of claim 1 wherein forming t 	first capping layer includes electroless plating of 

cobalt or a cobalt-alloy. 

9. The method of claim I wherein forming the low-'layer includes depositing an organosilicate 

glass. 

• 

10. The method of claim I wherein forming the mask layer ncludes depositing a photoresist 

layer and forming the opening in the photoresist layer. 
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11. The method of claim 10 wherein forming the mask layer includes forming a hard mask layer 

before orming the photoresist layer. 

12. The method o 	laim I wherein narrowing the opening includes forming a conformal 

deposition laye r on sidewalls of the opening. 

13. The method of claim 1 	wherein forming the conformal deposition layer includes cycling 

between deposition a . etching. 

14. The method of claim 1 wherei 	forming the first diffusion barrier layer includes atomic layer 

deposition of ruthenium. 

15. The method of claim 1 wherein formi ! the first diffusion barrier layer includes atomic layer 

deposition of tantalum. 

16. The method of claim I wherein forming the i st diffusion barrier layer includes supercritical 

CO2 deposition of ruthenium. 

17. The method of claim 1 wherein forming the first diff .ion barrier layer includes supercritical 

CO2 deposition of tantalum. 
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18.  The me ad of claim I wherein forming the first diffusion barrier layer includes depositing a 

metal b 	a method selected from the group consisting of chemical vapor deposition, 

plasma-e 	anced chemical vapor deposition, and plasma-enhanced atomic layer 

deposition. 

19. The method of claim 1 further comprising, after forming the via and before forming the first 

diffusion barrier lay r, forming a second trench in the low-k layer, the trench being 

aligned with the via. 

20. The method of claim 19 wher n forming the first diffusion barrier layer on sidewalls of the 

via includes forming the first 	iffusion barrier layer on sidewalls of the second trench. 

21. The method of claim 19 wherein fill 	the via with the second conductive material includes 

filling the second trench with copper. 

22. The method of claim 1 further comprising fo 	ing a second capping layer selectively over 

the via. 
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23.  An nterconnect structure comprising: 

a c.nductive line having a critical dimension of no more than 60nm; 

a first 	electric layer disposed over the conductive line; 

a first ca, .ing layer disposed between the first dielectric layer and the conductive line 

. 	and Disposed selectively over the conductive line; 

a conductive 	a disposed through the first dielectric layer and at least to the first capping 

layer; an. 

a diffusion barrier 1. er disposed between the conductive via and the first dielectric layer. 

24. The interconnect structure o claim 23 wherein the first capping layer comprises cobalt. 

25. The interconnect structure of c a' 	23 wherein the diffusion barrier layer comprises 

ruthenium. 

26. The interconnect structure of claim 23 wh• ein the diffusion barrier layer comprises 

tantalum. 

27. The interconnect structure of claim 23 further corn rising a second dielectric layer disposed 

around the conductive line. 

28. The interconnect structure of claim 27 further comprising • dielectric barrier layer disposed 

between the first and second dielectric layers. 
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29.  The 	terconnect structure of claim 23 further comprising a dielectric barrier layer disposed 

over he first dielectric layer, the conductive via being disposed through the dielectric 

barrier 	yer. 

30. The interconnec structure of claim 29 wherein the dielectric barrier layer comprises silicon 

carbide, silicon 	itride, or silicon carbon nitride. 

31. The interconnect structur- of claim 23 further comprising a second capping layer disposed 

over the conductive via. 

32. An interconnect structure compri 	ng: 

a first conductive line disposed w.thin a first dielectric layer; 

a second dielectric layer disposed o 	r the first conductive line and contacting the first 

dielectric layer; 

a first capping layer disposed between the econd dielectric layer and the first conductive 

line; 

a conductive via disposed through the second d -lectric layer and at least to the first 

capping layer; and 

a first diffusion barrier layer disposed between the co ductive via and the second 

dielectric layer. 

33. The interconnect structure of claim 32 further comprising a seco • diffusion barrier layer 

disposed between the first conductive line and the first dielectric ayer. 
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34.  The interconne,  t structure of claim 32 wherein the first diffusion barrier layer comprises 

ruthenium. 

35.  The interconnect structure of claim 32 wherein the first diffusion barrier layer comprises 

tantalum. 	 • 

36.  The interconnect structure o claim 32 further comprising a second conductive line disposed 

within the second dielectri 	layer, wherein the conductive via contacts the second 

conductive line. 

37.  The interconnect structure of claim 	further comprising a second capping layer disposed 

selectively over the second conduct ye line. 

38.  The interconnect structure of claim 32 whereinhe conductive via is disposed through the 

first capping layer and to the first conduct ye line. 
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39. A me 	od of fabricating an interconnect structure comprising: 

form 	g a first conductive line in a dielectric layer; 

forrnin 	a first capping layer selectively over the first conductive line; 

forming a low-k layer over the first capping layer and in contact with the dielectric layer; 

exposing the conductive line including 

formin 	a mask layer having an opening over the low-k layer, 

narrowin 	the opening in the mask layer, and 

forming a 	'a by extending the narrowed opening through the low-k layer and at 

least t 	the first capping layer; 

forming a first diffusio 	barrier layer on sidewalls of the via; and 

filling the via with a first 	onductive material. 

40. The method of claim 39 wherein 	xtending.the narrowed opening at least to the first capping 

layer includes extending the na owed opening through the first capping layer and to the 

first conductive line. 

41. The method of claim 39 further comprism 	forming a second conductive line in the low-k 

layer. 

42. The method of claim 41 further comprising form 	g a second capping layer selectively over 

the second conductive line. 
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43. The meth.. of claim 39 wherein forming the first conductive line in the dielectric layer 

'eludes .rming a second diffusion barrier layer in the dielectric layer. 

• 
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