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(57) ABSTRACT 

An embodiment of the invention is a metal layer 14 of a 
back-end module 6 Where the height of the interconnects 17 
is greater than the height of the dielectric regions 20. 
Another embodiment of the invention is a method of fabri 
cating a semiconductor Wafer 4 Where the height of the 
interconnects 17 is greater than the height of the dielectric 
regions 20. 
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FIG. 3 
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FIG. 4B 
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FIG. 4E 
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ETCH BACK OF INTERCONNECT DIELECTRICS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an etch back of the inter 
connect dielectric to improve electrical and mechanical 
reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a cross-section vieW of a semiconductor 
Wafer in accordance With the present invention. 

[0003] FIG. 2 is a cross-section vieW of a semiconductor 
Wafer in accordance With another embodiment of the present 
invention. 

[0004] FIG. 3 is a How diagram illustrating the process 
How of the present invention. 

[0005] FIGS. 4A-4F are cross-sectional vieWs of a par 
tially fabricated semiconductor Wafer in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0006] The present invention Will noW be described With 
reference to the attached drawings, Wherein like reference 
numerals are used to refer to like elements throughout. 
Several aspects of the invention are described beloW With 
reference to example applications for illustration. It should 
be understood that numerous speci?c details, relationships, 
and methods are set forth to provide a full understanding of 
the invention. One skilled in the relevant art, hoWever, Will 
readily recogniZe that the invention can be practiced Without 
one or more of the speci?c details or With other methods. In 
other instances, Well-knoWn structures or operations are not 
shoWn in detail to avoid obscuring the invention. The ?gures 
are not draWn to scale; they are provided merely to illustrate 
the present invention. 

[0007] Referring to the draWings, FIG. 1 depicts a best 
mode application of the present invention. FIG. 1 shoWs a 
cross section of a portion of a semiconductor Wafer 4. The 
eXample semiconductor Wafer 4 is divided into tWo sections: 
a front-end module 5, and a back-end module 6. It is Within 
the scope of the invention to have any form of logic Within 
the front-end module. The eXample logic contained in the 
partial semiconductor Wafer 4 is a transistor formed in the 
substrate 7 that has source/drain 8, 9 and gate 10. Any one 
of a number of isolation structures 11 is used adjacent to the 
transistor to electrically separate the transistors from each 
other. Immediately above the transistor is a layer of insula 
tion 12 containing metal contacts 13 Which electrically tie 
the transistor to the other logic elements (not shoWn) of the 
front-end structure 5. As an eXample, insulation 12 may be 
SiO2 and metal contacts 13 may comprise W. 

[0008] The back-end module 6 contains one or more metal 
or via layers 14, 15, 16. Each metal or via layer contains 
interconnects. The interconnects may be metal lines 17, 19 
that route electrical signals and poWer properly through the 
electronic device. In addition, the interconnects may be vias 
18 that properly connect the metal lines 17 of a ?rst metal 
layer 14 to the metal lines 19 of a second metal layer 16. As 
an eXample, the interconnects 17, 18, 19 may be comprised 
of a metal such as copper. 
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[0009] The interconnects are electrically insulated by any 
one of a number of dielectric materials 20. In the eXample 
application, the dielectric insulation 20 is a loW-k material 
such as Organo-Silicate Glass (“OSG”). 

[0010] In addition, there is a thin dielectric layer 21 
formed betWeen the dielectric regions 20. It is Within the 
scope of this invention to use any suitable material for the 
dielectric layer 21. For eXample, the dielectric layer 21 may 
comprise SiC. The use of a dielectric layer 21 is optional; 
hoWever, the dielectric layer 21 may perform many func 
tions. For eXample, dielectric layer 21 may function as a 
barrier layer; preventing the diffusion of copper from inter 
connects 17 to either the silicon channel of the transistor or 
another isolated metal line (thereby creating an electrical 
short). Second, dielectric layer 21 may function as an etch 
stop When forming the features Within the dielectric insula 
tion 20 during manufacturing to eventually create the inter 
connects 17, 18, 19. Lastly, the dielectric layer 21 may 
function as an adhesion layer to help hold a layer of OSG 20 
to a metal interconnect 17, 18, 19. For purposes of read 
ability, the dielectric layer 21 Will be called the barrier layer 
21 during the rest of the description of this invention. 

[0011] As shoWn in FIG. 1, the edges of the metal lines 17, 
19 and vias 18 are often not fully landed or aligned correctly. 
Therefore, there are numerous sharp corners 22 at the top or 
bottom surfaces of the interconnects 17, 18, 19. These 
corners 22 are high electrical ?eld stress points. When 
corners 22 are adjacent to the interface betWeen the dielec 
tric 20 and the barrier 21, the electrical breakdoWn strength 
of the interconnects 17, 18, 19 is reduced. Therefore, in the 
best mode application, the corners 22 are offset from any 
dielectric-barrier interface 20, 21. Thus the reliability of the 
electrical circuit is improved because the proXimity of the 
dielectric-barrier interface 20, 21 is offset from the high ?eld 
stress region of the interconnects 17, 18, 19. 

[0012] Referring again to the draWings, FIG. 2 shoWs 
another implementation of the present invention. FIG. 2 
shoWs a cross section of a portion of a semiconductor Wafer 
4 that is similar to the semiconductor Wafer 4 of FIG. 1. 
(Similar reference numerals are used throughout the ?gures 
to designate like or equivalent features.) HoWever, the 
semiconductor Wafer 4 in FIG. 2 does not contain the barrier 
layer 21. Therefore, in accordance With the invention, the 
corners 22 of interconnects 17, 18, 19 are located Within the 
bulk of the dielectric portion 20 of the adjacent metal or via 
layer (i.e. via layer 15 and metal layer 16). 

[0013] Referring again to the draWings, FIG. 3 is a How 
diagram illustrating the process How of the best mode 
embodiment of the present invention. Other than process 
step 312 and possibly process step 310, the front-end and 
back-end process steps should be those standard in the 
industry. The present invention may be used in any inte 
grated circuit con?guration; therefore (step 200) the front 
end module 5 may be fabricated to perform any device 
function. 

[0014] Next the ?rst metal layer 14 is fabricated over the 
front-end module 5. Referring noW to FIGS. 3 and 4A-D, 
a barrier layer 21 may be formed (step 300) over the entire 
substrate. (It is Within the scope of this invention to omit the 
barrier layer 21 from the back end module NeXt a dielectric 
layer 20 is formed (step 302, FIG. 4A) over the entire 
substrate (i.e. over the barrier layer 21, if present). The 
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barrier layer 21 and the dielectric layer 20 my be formed 
using any manufacturing process such as Chemical Vapor 
Deposition (“CVD”). In this example application, the barrier 
layer 21 is comprised of SiC and the dielectric layer 20 is 
comprised of OSG; hoWever, any dielectric material may be 
used. The barrier layer 21 (if present) and the dielectric layer 
20 are then patterned and etched (step 304, FIG. 4B) to form 
holes for the metal interconnects. 

[0015] A metal layer 17 is noW formed (step 306, FIG. 
4C) over the substrate. In the best mode application, the 
metal layer is copper; hoWever, the use of other metals such 
as aluminum or titanium are Within the scope of this inven 
tion. The metal layer 17 is noW polished (step 308, FIG. 4D) 
until the top surface of the dielectric 20 is eXposed and the 
metal interconnects 17 are formed. In the best mode appli 
cation, step 308 is performed using a Chemical Mechanical 
Polish (“CMP”); hoWever, other manufacturing techniques 
may be used. 

[0016] AWet clean (step 310) may noW be performed and 
may use deioniZed Water or acid. HoWever, it’s likely that 
harmful post-CMP residue Will remain on the surface of the 
semiconductor Wafer even after the Wet clean process. This 
residue may consist of leftover slurry (i.e. tungsten or silicon 
oXide balls), carbon particles (Which are attracted to the 
porous loW-k dielectric material 20), or slurry packed into 
surface recesses created by the CMP process. This harmful 
post-CMP residue Weakens the adhesion of subsequent 
material layers and also reduces the electrical breakdoWn 
strength of the back-end module. 

[0017] In accordance With the best mode application, the 
dielectric 20 betWeen the copper interconnects 17 is etched 
(step 312, FIG. 4E) so that the top surface of the dielectric 
20 is loWer than the top surface of the copper interconnects 
17. As an example, the top surface of the dielectric 20 may 
be 10-30% beloW the top surface of the interconnects 17. 
This etch step removes the harmful post-CMP residue and 
also loWers the interface of dielectric 20 from the high 
electric ?eld corners 22 of the interconnects 17. 

[0018] The etch step 312 may be a plasma etch that is 
similar to the standard plasma etch used to etch barrier 
dielectric material. HoWever, the use of any dielectric etch is 
Within the scope of this invention. The etch is selective to the 
?lm the etch lands on. For eXample, the etch of step 312 may 
be a silicon carbide etch or a silicon nitride etch. Moreover, 
step 312 may be performed using the Wet clean process of 
step 310 to recess the dielectric regions 20 plus a solvent that 
removes the remaining post-CMP residue. The ?rst metal 
layer 14 is noW complete. 

[0019] An optional barrier layer 21 may noW be formed 
(step 314, FIG. 4F) over the semiconductor substrate. The 
barrier layer 21 may comprise any dielectric material, such 
as SiC. NoW the fabrication any remaining metal layers 15, 
16 of the back-end module continues (step 316) until the 
back-end module is complete. Referring back to FIG. 1, the 
completed back-end module may contain one or more metal 
layers 14, 15, 16 to be used as vias or signal and poWer lines. 
Moreover, the present invention may be used in any location 
throughout the back-end module. 

[0020] If a barrier layer 21 is used, then the interface 
betWeen the dielectric 20 and the barrier 21 Will be beloW the 
highest electric ?eld stress point corner 22 (as shoWn in 
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FIG. 1). If a barrier layer 21 is not used, then the interface 
betWeen the dielectric material 20 of adjoining metal layers 
14, 15, 16 is also recessed from the corners 22 of the 
interconnects 17, 18, 19 (as shoWn in FIG. 2). 

[0021] Various modi?cations to the invention as described 
above are Within the scope of the claimed invention. As an 
eXample, instead of OSG, the dielectric material 20 may be 
aerogel, BLACK DIAMOND, Xerogel, SiLK, or HSQ. 
Similarly, instead of SiC, the barrier material 21 may be 
silicon nitride, silicon oxide, nitrogen-doped silicon carbide, 
or oXygen doped silicon carbide. The metal interconnects 
17, 18, 19 may be comprised of any suitable metal, such as 
Cu, W, or Al. In addition, it is Within the scope of the 
invention to have a back-end module structure 6 With a 
different amount or con?guration of metal layers 14, 15, 16 
than is shoWn in FIGS. 1 and 2. Furthermore, the invention 
is applicable to semiconductor Wafers having different front 
end Well and substrate technologies, transistor con?gura 
tions, and metal connector materials or con?gurations. 
Moreover, the invention is applicable to other semiconduc 
tor technologies such as BiCMOS, bipolar, SOI, strained 
silicon, pyroelectric sensors, opto-electronic devices, micro 
electrical mechanical system (“MEMS”), or SiGe. 

[0022] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by Way of eXample only, and not 
limitation. Numerous changes to the disclosed embodiments 
can be made in accordance With the disclosure herein 
Without departing from the spirit or scope of the invention. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above described embodiments. 
Rather, the scope of the invention should be de?ned in 
accordance With the folloWing claims and their equivalents. 

What is claimed is: 
1. A method of manufacturing a semiconductor Wafer 

comprising: 
forming a front-end structure over a semiconductor sub 

strate; 

forming a ?rst layer of a back-end structure over said 
front-end structure, said ?rst layer of a back-end struc 
ture having interconnects and regions of loW-k mate 
rial; and 

etching a top surface of said ?rst layer of a back-end 
structure, Wherein a height of said regions of loW-k 
material is less than a height of said interconnects. 

2. The method of claim 1 Wherein said etching step 
comprises dry etch. 

3. The method of claim 2 Wherein said etching step 
comprises plasma etch. 

4. The method of claim 3 Wherein said plasma etch is a 
silicon carbide etch. 

5. The method of claim 1 Wherein said etching step 
comprises Wet etch. 

6. The method of claim 5 Wherein said Wet etch includes 
the use of a solvent. 

7. The method of claim 5 Wherein said Wet etch is 
deioniZed Water. 

8. The method of claim 1 Wherein said loW-k material 
provides insulation for said interconnects. 

9. The method of claim 1 Wherein said interconnects are 
metal lines that carry electrical signals and poWer. 
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10. The method of claim 1 wherein said interconnects are 
vias that connect metal lines. 

11. The method of claim 1 Wherein said regions of loW-k 
material comprise OSG. 

12. The method of claim 1 Wherein said interconnects 
comprise copper. 

13. The method of claim 1 Wherein said height of said 
regions of loW-k material is 10-30% less than said height of 
said interconnects. 

14. The method of claim 1 further comprising the step of 
forming a barrier layer over said ?rst layer of a back-end 
structure. 

15. The method of claim 14 Wherein said barrier layer 
comprises SiC. 

16. The method of claim 14 further comprising the step of 
forming a second layer of a back-end structure over said 
barrier layer, said second layer of a back-end structure 
having second layer interconnects and second layer regions 
of loW-k material. 

17. The method of claim 16 further comprising the step of 
etching a top surface of said second layer of a back-end 
structure, Wherein a height of said second layer regions of 
loW-k material is less than a height of said second layer 
interconnects. 

18. The method of claim 17 Wherein said height of said 
second layer regions of loW-k material is 10-30% less than 
said height of said second layer interconnects. 

19. The method of claim 1 further comprising the step of 
forming a second layer of a back-end structure over said ?rst 
layer of a back-end structure, said second layer of a back 
end structure having second layer interconnects and second 
layer regions of loW-k material. 

20. The method of claim 19 further comprising the step of 
etching a top surface of said second layer of a back-end 
structure, Wherein a height of said second layer regions of 
loW-k material is less than a height of said second layer 
interconnects. 

21. The method of claim 20 Wherein said height of said 
second layer regions of loW-k material is 10-30% less than 
said height of said second layer interconnects. 

22. The method of claim 20 Wherein said etching step 
comprises plasma etch. 

23. A method of manufacturing a semiconductor Wafer 
comprising: 

forming a front-end structure over a semiconductor sub 

strate; 

forming a ?rst layer of loW-k material over said front-end 
structure, 

forming holes through said ?rst layer of loW-k material; 

forming a metal layer over said ?rst layer of loW-k 
material, said metal layer also ?lling said holes; 

reducing a height of said metal layer to form ?rst layer 
metal interconnects and eXpose a top surface of said 
?rst layer of loW-k material; and 

etching a top surface of said semiconductor Wafer to make 
a height of said ?rst layer of loW-k material less than a 
height of said ?rst layer metal interconnects. 

24. The method of claim 23 Wherein said reducing step 
comprises a Chemical Mechanical Polish. 

25. The method of claim 23 Wherein said etching step 
comprises plasma etch. 
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26. The method of claim 25 Wherein said plasma etch is 
a silicon carbide etch. 

27. The method of claim 23 Wherein said ?rst layer of 
loW-k material provides insulation for said ?rst layer metal 
interconnects. 

28. The method of claim 23 Wherein said ?rst layer metal 
interconnects are metal lines that carry electrical signals and 
poWer. 

29. The method of claim 23 Wherein said ?rst layer metal 
interconnects are vias that connect metal lines. 

30. The method of claim 23 Wherein said ?rst layer of 
loW-k material comprises OSG. 

31. The method of claim 23 Wherein said ?rst layer metal 
interconnects comprise copper. 

32. The method of claim 23 Wherein said holes are formed 
using a dielectric etch process. 

33. The method of claim 23 Wherein said height of said 
?rst layer of loW-k material is 10-30% less than said height 
of said ?rst layer metal interconnects. 

34. The method of claim 23 further comprising the step of 
forming a barrier layer over ?rst layer of loW-k material and 
?rst layer metal interconnects. 

35. The method of claim 34 Wherein said barrier layer 
comprises SiC. 

36. The method of claim 34 further comprising the steps 
of: 

forming a second layer of loW-k material over said barrier 
layer, 

forming holes through said second layer of loW-k mate 
rial; 

forming a metal layer over said second layer of loW-k 
material, said metal layer also ?lling said holes; 

reducing a height of said metal layer to form second layer 
metal interconnects and eXpose a top surface of said 
second layer of loW-k material; and 

etching a top surface of said semiconductor Wafer to make 
a height of said second layer of loW-k material less than 
a height of said second layer metal interconnects. 

37. The method of claim 36 Wherein said height of said 
second layer of loW-k material is 10-30% less than said 
height of said second layer metal interconnects. 

38. The method of claim 23 further comprising the steps 
of: 

forming a second layer of loW-k material over said ?rst 
layer of loW-k material, 

forming holes through said second layer of loW-k mate 
rial; 

forming a metal layer over said second layer of loW-k 
material, said metal layer also ?lling said holes; 

reducing a height of said metal layer to form second layer 
metal interconnects and eXpose a top surface of said 
second layer of loW-k material; and 

etching a top surface of said semiconductor Wafer to make 
a height of said second layer of loW-k material less than 
a height of said second layer metal interconnects. 

39. The method of claim 38 Wherein said height of said 
second layer of loW-k material is 10-30% less than said 
height of said second layer metal interconnects. 
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40. The method of claim 34 wherein said barrier layer is 
also an etch stop layer. 

41. The method of claim 34 Wherein said barrier layer is 
also an adhesion layer. 

42. The method of claim 34 Wherein said barrier layer is 
prevents diffusion of said ?rst layer metal interconnects. 

43. An integrated circuit comprising: 

a semiconductor substrate; 

a front-end structure coupled to said semiconductor sub 
strate; and 

a ?rst layer of a back-end structure coupled to said 
front-end structure said ?rst layer of a back end struc 
ture having ?rst layer interconnects and ?rst layer 
dielectrics; 

Wherein a height of said ?rst layer dielectrics is less than 
a height of said ?rst layer interconnects. 

44. The integrated circuit of claim 43 Wherein said ?rst 
layer dielectrics comprises loW-k material. 

45. The integrated circuit of claim 44 Wherein said loW-k 
material comprises OSG. 

46. The integrated circuit of claim 43 Wherein said ?rst 
layer interconnects comprises copper. 

47. The integrated circuit of claim 43 Wherein said ?rst 
layer interconnects are metal lines that carry electrical 
signals and poWer. 

48. The integrated circuit of claim 43 Wherein said height 
of said ?rst layer dielectrics are 10-30% less than said height 
of said ?rst layer interconnects. 

49. The integrated circuit of claim 43 further comprising 
a barrier layer coupled to said ?rst layer of a back-end 
structure. 

50. The integrated circuit of claim 49 Wherein said barrier 
layer comprises SiC. 

51. The integrated circuit of claim 49 further comprising 
a second layer of a back-end structure coupled to said barrier 
layer, said second layer of a back-end structure having 
second layer interconnects and second layer dielectrics, 
Wherein a height of said second layer dielectrics is less than 
a height of said second layer interconnects. 

52. The integrated circuit of claim 51 Wherein said second 
layer dielectrics comprises loW-k material. 

53. The integrated circuit of claim 52 Wherein said loW-k 
material comprises OSG. 

54. The integrated circuit of claim 51 Wherein said second 
layer interconnects comprises copper. 

55. The integrated circuit of claim 51 Wherein said second 
layer interconnects are metal lines that carry electrical 
signals and poWer. 

56. The integrated circuit of claim 51 Wherein said height 
of said second layer dielectrics are 10-30% less than said 
height of said second layer interconnects. 

57. The integrated circuit of claim 51 Wherein at least one 
of said ?rst layer interconnects is electrically connected to at 
least one of said second layer interconnects at an interface 
region. 

58. The integrated circuit of claim 57 Wherein said 
interface region is adjacent to an inside region of said barrier 
layer. 

59. The integrated circuit of claim 57 Wherein said 
interface region is adjacent to an inside region of said second 
layer dielectric. 
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60. The integrated circuit of claim 43 further comprising 
a second layer of a back-end structure coupled to said ?rst 
layer of a back end structure, said second layer of a back-end 
structure having second layer interconnects and second layer 
dielectrics, Wherein a height of said second layer dielectrics 
is less than a height of said second layer interconnects. 

61. The integrated circuit of claim 60 Wherein said second 
layer dielectrics comprises loW-k material. 

62. The integrated circuit of claim 61 Wherein said loW-k 
material comprises OSG. 

63. The integrated circuit of claim 60 Wherein said second 
layer interconnects comprises copper. 

64. The integrated circuit of claim 60 Wherein said second 
layer interconnects are metal lines that carry electrical 
signals and poWer. 

65. The integrated circuit of claim 60 Wherein said height 
of said second layer dielectrics are 10-30% less than said 
height of said second layer interconnects. 

66. The integrated circuit of claim 60 Wherein at least one 
of said ?rst layer interconnects is electrically connected to at 
least one of said second layer interconnects at an interface 
region. 

67. The integrated circuit of claim 66 Wherein said 
interface region is adjacent to an inside region of said second 
layer dielectric. 

68. An integrated circuit comprising: 

a semiconductor substrate; 

a front-end structure coupled to said semiconductor sub 
strate; 

a ?rst layer of a back-end structure coupled to said 
front-end structure, said ?rst layer of a back end 
structure having ?rst layer interconnects and ?rst layer 
dielectrics, Wherein a height of said ?rst layer dielec 
trics is less than a height of said ?rst layer intercon 
nects; 

a barrier layer coupled to said ?rst layer of a back-end 
structure; and 

a second layer of a back-end structure coupled to said 
barrier layer, said second layer of a back-end structure 
having second layer interconnects and second layer 
dielectrics, Wherein a height of said second layer 
dielectrics is less than a height of said second layer 
interconnects; 

further Wherein at least one of said ?rst layer intercon 
nects is electrically connected to at least one of said 
second layer interconnects at an interface region. 

69. The integrated circuit of claim 68 Wherein said 
interface region is adjacent to an inside region of said barrier 
layer. 

70. The integrated circuit of claim 68 Wherein said 
interface region is adjacent to an inside region of said second 
layer dielectric. 

71. The integrated circuit of claim 68 Wherein said height 
of said ?rst layer dielectrics are 10-30% less than said height 
of said ?rst layer interconnects. 

72. The integrated circuit of claim 68 Wherein said height 
of said second layer dielectrics are 10-30% less than said 
height of said second layer interconnects. 
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73. An integrated circuit comprising: 

a semiconductor substrate; 

a front-end structure coupled to said semiconductor sub 

strate; 

a ?rst layer of a back-end structure coupled to said 
front-end structure, said ?rst layer of a back end 
structure having ?rst layer interconnects and ?rst layer 
dielectrics, Wherein a height of said ?rst layer dielec 
trics is less than a height of said ?rst layer intercon 
nects; and 

a second layer of a back-end structure coupled to said ?rst 
layer of a back-end structure, said second layer of a 
back-end structure having second layer interconnects 
and second layer dielectrics, Wherein a height of said 
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second layer dielectrics is less than a height of said 
second layer interconnects; 

further Wherein at least one of said ?rst layer intercon 
nects is electrically connected to at least one of said 
second layer interconnects at an interface region. 

74. The integrated circuit of claim 73 Wherein said 
interface region is adjacent to an inside region of said second 
layer dielectric. 

75. The integrated circuit of claim 73 Wherein said height 
of said ?rst layer dielectrics are 10-30% less than said height 
of said ?rst layer interconnects. 

76. The integrated circuit of claim 73 Wherein said height 
of said second layer dielectrics are 10-30% less than said 
height of said second layer interconnects. 

* * * * * 


