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FIG. 2a 
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FIG. 2a’ 
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DUAL DEPTH TRENCH TERMINATION 
METHOD FOR IMPROVING CU-BASED 

INTERCONNECT INTEGRITY 

FIELD OF THE INVENTION 

[0001] The invention is generally related to the ?eld of 
integrated circuits and more speci?cally to a dual trench depth 
termination method for improving the integrity of Cu-based 
semiconductor interconnects. 

BACKGROUND OF THE INVENTION 

[0002] High performance integrated circuits utiliZe loW K 
dielectric layers and copper metal to form the lines that inter 
connect the various electronic devices that comprise the cir 
cuit. The copper interconnect lines comprise copper formed 
in trenches and vias in the loW K dielectric material. 

[0003] Illustrated in FIG. 1 is a cross section diagram of a 
typical copper interconnect structure shoWing copper delami 
nation. Copper delamination is a major problem that affects 
the reliability and operation of the integrated circuit. As 
shoWn in FIG. 1, a dielectric layer 10 is formed over a semi 
conductor. Electronic devices such as transistors, capacitors, 
and diodes Will be formed in the semiconductor. In addition 
there may be any number of intervening layers and structures 
betWeen the semiconductor and the dielectric layer 10. The 
semiconductor and any intervening layers have been omitted 
for clarity. A copper layer 20 is formed in the dielectric layer 
using knoWn methods. A barrier layer 30 is formed on the 
copper layer and a second dielectric layer 40 is formed over 
the barrier layer. Using knoWn methods such as the dual 
damascene method, copper lines 60 and vias 50, 51 are 
formed in the second dielectric layer. During sub sequent pro 
cessing various stresses Will be formed in the copper inter 
connect structure. Currently this stress can lead to the delami 
nation as shoWn in FIG. 1. As shoWn in the Figure, the copper 
via 51 has lifted aWay from the underlying copper layer 20 
and is no longer making electrical contact With said layer. 
This lifting of the via from the underlying copper line is 
referred to as via delamination (or delamination). This 
delamination can cause the integrated circuit to become inop 
erable and fail. There is therefore a need for a method to form 
copper interconnect structures that Will reduce and/or elimi 
nate delamination. The instant invention addresses this need. 

SUMMARY OF THE INVENTION 

[0004] A dielectric layer is formed over a semiconductor. 
Any number of intervening layers can be formed betWeen the 
semiconductor and the dielectric layer. A plurality of vias, 
separated by a minimum distance XV, is formed in the dielec 
tric layer to alloW the subsequently formed copper layer to 
contact an underlying copper layer. A trench is formed in the 
dielectric layer over the plurality of vias With an edge that 
extends a minimum distance of X To from the edge 0t of the via 
closest to the edge of the trench. The trench can comprise a 
depth dl in the region containing the vias and a depth d2 at the 
edge of the trench. In general the condition dl>d2 Will apply 
to the depths of the trench. The trench and vias Will be ?lled 
With copper to form a copper interconnect line. The minimum 
overhang of the copper line Will reduce and/ or eliminate the 
copper delamination the currently occurs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] In the draWings: 
[0006] FIG. 1 shoWs the cross-section of a copper intercon 
nect structure shoWing delamination according to the prior 
art. 
[0007] FIGS. 2(a)-2(d) are cross-sectional diagrams shoW 
ing an embodiment of the instant invention. 
[0008] FIGS. 2(e)-2(f) are cross-sectional diagrams shoW 
ing an embodiment of the instant invention. 
[0009] Common reference numerals are used throughout 
the ?gures to represent like or similar features. The ?gures are 
not draWn to scale and are merely provided for illustrative 
purposes. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] While the folloWing description of the instant inven 
tion revolves around FIGS. 2(a) to FIG. 2(f), the instant 
invention can be utiliZed in many semiconductor device struc 
tures. The methodology of the instant invention provides a 
solution to forming reliable copper interconnect structures. 
[0011] An embodiment of the instant invention Will noW be 
described by referring to FIG. 2(a) to FIG. 2(d). As shoWn in 
FIG. 2(a), a copper metal layer 20 is formed on a dielectric 
layer 10. The dielectric layer 10 is formed over a semicon 
ductor. Electronic devices such as transistors, capacitors, and 
diodes Will be formed in the semiconductor. In addition there 
may be any number of intervening layers and structures 
betWeen the semiconductor and the dielectric layer 10. The 
semiconductor and any intervening layers have been omitted 
for clarity. Following the formation of the copper layer 20, a 
barrier layer 30 is formed on the copper layer 20. This barrier 
layer can comprise silicon nitride or any other suitable dielec 
tric material. A dielectric layer 100 is formed on the barrier 
layer. In an embodiment the dielectric layer 100 can comprise 
a loW dielectric constant (herein after loW K dielectric) mate 
rial. In this disclosure loW K refers to dielectric material With 
a dielectric constant of 3.8 and beloW. This should be com 
pared With silicon oxide that has a dielectric constant of 3.9. 
Some examples of loW K dielectrics that can be used to form 
the dielectric layer 100 are ?uorine-doped silicate glass 
(FSG), silsesquioxanes, and organosilicate glass (OSG). 
OSG material can be formed by chemical vapor deposition 
(CVD) using organosilane precursors or spin-on using sils 
esquioxanes. Other loW K material that can be used to form 
layer 100 include, but is not limited to, poly(arylene ether), 
parylene, ?uoro-polymer, ?uorinated amorphous carbon, 
diamondlike carbon, porous silica, mesoporous silica, porous 
silsesquioxane, porous polyimide, and porous poly(arylene 
ether). FolloWing the formation of the dielectric layer 100, a 
patterned photoresist layer 110 is formed on the dielectric 
layer to de?ne a pattern for the etching of the vias 120. 
[0012] ShoWn in FIG. 2(b) is the dielectric structure of FIG. 
2(a) folloWing the etching of the vias 120 in the dielectric 
layer 100. FolloWing the etching of the vias, a material 130 is 
used to ?ll the vias 120. In an embodiment of the instant 
invention the material 130 that is used is the same material 
used to form the backside antire?ective coating (BARC) 
layer. In addition, many different types of organic and inor 
ganic material can be used to ?ll the via. FolloWing the ?lling 
of the vias 120 With a material 130, a second patterned pho 
toresist layer comprising 140 and 14011 is formed on the 
dielectric layer to de?ne the trench. The portion of the pat 
terned photoresist layer 14011 is optional. Using the patterned 
photoresist layer 140, 10411 as an etch mask, the trench struc 
ture is formed in the dielectric layer using a dry etching 
method. In this disclosure dry etching refers to an etch pro 
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cess the does not use liquid chemical etching but instead 
comprises a plasma assisted etching process. 
[0013] ShoWn in FIG. 2(0) is the structure of FIG. 2(b) 
following the etching of the trench in the dielectric layer 100. 
In FIG. 2(0) the portion of the patterned resist layer 14011 was 
not present or Was removed during the trench etching process. 
As shoWn in FIG. 2(0), a dual depth trench structure is 
formed. The depth of the trench is measured from the surface 
of the dielectric layer 100. The ?rst trench depth is dl and the 
second trench depth is d2 Where dl >d2. The region of the 
trench Rl that comprises the vias 120 is substantially at the 
depth d1. There is a transition region R2 Where the depth of the 
trench transitions from dl to d2. The depth of this transition 
region is designated d3 Where d2<d3 <d1. The third region R3 
represents the region of the trench Where the trench depth is 
substantially d2. In region R1 of the trench, that comprises the 
plurality of vias 120, the vias are separated by a distance XV 
as shoWn in FIG. 2(0). In an embodiment of the instant inven 
tion the separation XVof the vias 120 is less than 0.7 um and 
there are n vias Where n>2. In order to reduce the delamina 
tion of the copper structures that Will subsequently be formed 
in the vias 120, a minimum trench termination overhand X To 
must be included. Such a minimum trench termination over 
hang XTO is shoWn in FIG. 2(0) and is de?ned as the distance 
from the edge 0t of the via closest to the end of the trench to the 
end of the trench. In an embodiment of the instant invention 
the minimum trench termination overhang X To is greater than 
0.2 um. In a further embodiment of the instant invention the 
minimum trench termination overhang X To is greater than 
0.35 um. In yet a further embodiment of the instant invention 
the minimum trench termination overhang X To is greater than 
0.5 um. It should be noted that the trench depth at the end of 
the trench need not necessarily be d2 as shoWn in the Figure. 
It is intended that the instant invention encompass any trench 
depth from d2 to dl. Following the formation of the trench 
shoWn in FIG. 2(0), the remaining patterned photoresist layer 
140 is removed and copper 150 and 160 is used to ?ll the vias 
and the trench respectively as shoWn in FIG. 2(d). The copper 
structure that exists in the minimum trench overhand X To Will 
prevent the copper structure 150, 1 60 from delaminating from 
the underlying copper layer 20. 
[0014] Therefore according to an embodiment of the 
instant invention, a copper layer 150 comprising a plurality of 
n copper vias 160 (Where n>2) separated by distance XVmust 
include a minimum termination copper structure (labeled T in 
FIG. 2(d)) betWeen the edge of the last via and the end of the 
copper layer. The length of the minimum copper termination 
structure is greater than XTO Where XTO can be 0.2 um, 0.35 
um, or 0.5 um. Furthermore the thickness of the copper layer 
that comprises the via structures 150 is t1 and the thickness of 
the minimum termination copper structure T can be any value 
doWn to an including t2 as shoWn in FIG. 2(d). 
[0015] ShoWn in FIG. 2(e) is a cross section of the trench 
structure formed When the patterned photoresist structure 
140a remains during the trench etching process. In this 
embodiment the resulting trench depth is substantially uni 
form at a depth d4. As described previously the vias are 
separated by a distance XVWhere XVis less than 1.0 um and 
the number of vias n is greater than 2. As described above, in 
order to reduce the delamination of the copper that Will sub 
sequently be formed in the vias, a minimum trench termina 
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tion overhand XTO must be included as shoWn in FIG. 2(e). It 
is de?ned as the distance from the edge 0t of the via closest to 
the end of the trench to the end of the trench. In an embodi 
ment of the instant invention the minimum trench termination 
overhang X To is greater than 0.2 um. In a further embodiment 
of the instant invention the minimum trench termination over 
hang X To is greater than 0.35 um. In yet a further embodiment 
of the instant invention the minimum trench termination over 
hang XTO is greater than 0.5 um. FolloWing the formation of 
the trench shoWn in FIG. 2(e), the remaining patterned pho 
toresist layer 140 is removed and copper 155 and 165 is used 
to ?ll the vias and the trench respectively as shoWn in FIG. 
2(f). The copper structure that exists in the minimum trench 
overhand X To Will prevent the copper structure 155, 1 65 from 
delaminating from the underlying copper layer 20. 
[0016] Therefore, according to an embodiment of the 
instant invention, a copper layer 155 comprising a plurality of 
n copper vias 165 (Where n>2) separated by distance XVmust 
include a minimum termination copper structure (labeled T in 
FIG. 2(f)) betWeen the edge 0t of the last via and the end of the 
copper layer. The length of the minimum copper termination 
structure is greater than XTO Where XTO can be 0.2 um, 0.35 
um, or 0.5 um. 

[0017] The addition of the minimum copper termination 
structure at the end of a copper line in an integrated circuit is 
counter intuitive to the trend in integrated circuits to minimiZe 
the length of the copper lines used to form the circuit. HoW 
ever it is believed that the minimum termination copper struc 
ture reduces the stress (and in particular shear stress) existing 
at the end of the copper interconnect line. This reduction in 
stress Will reduce the initiation of crack propagation that 
eventually leads to the delamination of the copper line. The 
delamination problem Will become more severe as the dielec 
tric constant of the material in Which the copper line is formed 
is loWered. 

1-4. (canceled) 
5. An integrated circuit copper layer, comprising: 
a loW K dielectric layer over a semiconductor; 
a plurality of vias in a ?rst region of said loW K dielectric 

layer; 
a trench With a ?rst edge in said loW K dielectric layer over 

said plurality of vias Wherein said trench extends a mini 
mum length XTO beyond the edge a of a via closest to the 
?rst edge of said trench; and 

a copper layer With a ?rst edge in said trench and said 
plurality of vias Wherein said ?rst edge of said copper 
layer coincides With said ?rst edge of said trench and 
extends a minimum length X To beyond the edge a of said 
via closest to the ?rst edge of said trench. 

6. The integrated circuit layer of claim 5 Wherein said 
copper layer comprises a ?rst thickness t l in said ?rst region 
and a second thickness t2 at said ?rst edge Wherein tl is greater 
than t2. 

7. The integrated circuit copper layer of claim 5 Wherein 
said minimum length XTO is 0.2 um. 

8. The integrated circuit copper layer of claim 7 Wherein 5 
said plurality of vias are separated by a distance less than 1.0 
um. 

9. (canceled) 


