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(57) ABSTRACT 

A structure and process are provided that are capable of 
reducing the occurrence of discontinuities Within the metal 
liZation, such as voiding or seams, formed during electroplat 
ing at the edges of semiconductor metalliZation arrays. The 
structure includes a metalliZation bar located around the 
periphery of the array. The process employs the structure 
during electroplating. 
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STRUCTURE FOR OPTIMIZING FILL IN 
SEMICONDUCTOR FEATURES DEPOSITED 

BY ELECTROPLATING 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to a neW 
structure as Well as to a neW process Which reduces the occur 

rence of discontinuities Within the metalliZation, such as 
voiding or seams, at the edges of semiconductor metalliZation 
arrays. The structure comprises a metalliZation bar that is 
placed around the periphery of the semiconductor array. The 
process employs the structure during the electroplating of the 
array. 

BACKGROUND 

[0002] During the manufacture of semiconductor technol 
ogy, ?lms of various materials are sequentially deposited and 
patterned on a semiconductor substrate such as a silicon sub 
strate. For the back-end-of-line (BEOL) processing, these 
materials include metalliZation levels for the interconnect 
structures, dielectric levels used for insulation and capping, 
and barrier layers to prevent diffusion and oxidation of the 
interconnects. The current choice for interconnect metalliZa 
tion is copper, manufactured in a dual-damascene method. 
Dielectric materials include silicon oxide, deposited by the 
plasma enhanced chemical vapor deposition (PECVD) using 
silane (SiH4) or tetraethylorthosilicate (TEOS) precursors, or 
organosilicate glass or borophosphosilicate glass (BPSG), 
deposited by chemical vapor deposition (CVD) for high 
performance interconnect applications. The organosilicate 
glass can be in its dense form or in a form that includes 
porosity. 
[0003] The choice of barrier layers includes tantalum, tan 
talum nitride, tungsten nitride, ruthenium and titanium and 
alloys of these metals. 
[0004] The current deposition method for the copper met 
alliZation process involves electroplating of the copper either 
onto a conductive seed layer or directly onto the barrier layer 
materials. An applied current or voltage is placed on the 
patterned Wafer in the presence of an electrochemical plating 
bath containing copper ions. As the aspect ratios of semicon 
ductor metalliZation features increases, the ability to com 
pletely ?ll these features by electroplating becomes more 
dif?cult. Voids or seams can occur in semiconductor metalli 

Zation trenches, leading to interconnect structures With higher 
resistivity and often higher susceptibility to reliability fail 
ures (such as electromigration). 
[0005] FIG. 1 depicts the edge of a typical semiconductor 
array of ?ne line features in cross-section. These features 
consist of copper (101) electroplated either onto a conductive 
seed layer or directly onto the barrier layer material (102). 
The lines are separated by dielectric material (103), such as 
silicon oxide deposited by PECVD or organosilicate glass 
deposited by CVD. Although the plating characteristics have 
been optimiZed for plating across the entire Wafer, local non 
uniformities in the electrochemical potential at the edges of 
such arrays can cause voids (104) or seams to form in the 
features. 
[0006] By altering the chemical composition in the plating 
bath, through additives that provide differential kinetics of 
copper plating at the ?at Wafer surface and in the inlaid 
features, one can optimiZe the deposition to minimiZe the 
occurrence of voiding. In addition, one can reduce the occur 
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rence of voids and seams by tailoring the current Which is 
applied to the Wafer during plating. Along these lines see 
Andricacos et al., US patent application publication 2004/ 
0069648 Al . Although these techniques can be used to mini 
miZe the onset of voids over the entire Wafer, the local uni 
formity of the ?ll of semiconductor features may vary so that 
edges of interconnect arrays can be more susceptible to void 
ing issues. This is due to the loWer fraction of metal present at 
the edge of such arrays, Which alters the current distribution 
relative to that at the center of the arrays. Because the copper 
progression front Works from the Wafer edge (in contact With 
one of the electrodes) toWards the Wafer center, voiding issues 
are more likely to be observed at the side of any metalliZation 
array Which is closest the Wafer edge, and less so at the side of 
the array closest to the Wafer center. 
[0007] A method that can provide more uniform reduction 
in voiding or seams across entire microcircuitry arrays on a 
chip Without signi?cantly altering the plating conditions 
(chemistry and plating current) Which are optimiZed for plat 
ing across the Wafer Would be desirable. 

SUMMARY 

[0008] The present disclosure makes it possible to reduce 
the occurrence of occurrence of discontinuities Within the 
metalliZation, such as voiding or seams, during electroplating 
at the edges of semiconductor metalliZation arrays. 
[0009] In particular, one aspect of the present disclosure 
relates to a structure capable of reducing the occurrence of 
discontinuities Within the metalliZation, such as voiding or 
seams, during electroplating at the edges of semiconductor 
arrays Which comprises a substrate having a semiconductor 
array comprising conductive lines and a metalliZation bar 
located around the periphery of the array and dielectric mate 
rial located betWeen the metalliZation bar and semiconductor 
array to form a gap betWeen the bar and array. 
[0010] Another aspect of the present disclosure relates to a 
method for electroplating an array of electrically conductive 
material comprising conductive lines onto a conductive seed 
layer or directly onto a platable resistive metal barrier layer 
located on a substrate Which comprises: 
[0011] plating a metalliZation bar on the substrate around 
the periphery of Where the array of electrically conductive 
material is to be located; 
[0012] contacting the substrate With a plating bath that 
optionally comprises a super ?lling additive and a suppressor, 
applying a current or voltage across electrodes, Wherein the 
substrate acts as one electrode and a conductor acts as a 

counter electrode to plate the electrically conductive material 
on the substrate. 

[0013] Other objections and advantages of the present dis 
closure Will become readily apparent to those skilled in this 
art from the folloWing detailed description, Wherein it is 
shoWn and described only the preferred embodiments simply 
by Way of illustration of the best mode contemplated. As Will 
be realiZed, the disclosure is capable of other and different 
embodiments, and its several details are capable of modi?ca 
tions in various obvious respects, Without departing from the 
disclosure. Accordingly, the description is to be regarded as 
illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] The features of the disclosure believed to be novel 
and the elements characteristic of the invention are set forth 
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With particularity in the appended claims. The ?gures are for 
illustration purposes only. The disclosure itself, hoWever, 
both as to organization and method of operation, may best be 
understood by reference to the detailed description Which 
folloWs taken in conjunction With the accompanying draW 
ings in Which: 
[0015] FIG. 1 is a schematic in cross-sectional vieW of the 
edge of a semiconductor array With voids induced during 
plating. 
[0016] FIG. 2 is a schematic in top-doWn vieW of the semi 
conductor array With the peripheral bar according to the 
present disclosure. 
[0017] FIG. 3 is a cross-sectional vieW of the edge of the 
semiconductor array With the peripheral bar according to the 
present disclosure. 

BEST AND VARIOUS MODES 

[0018] In order to facilitate an understanding of the present 
disclosure reference is made to the Figures. 
[0019] Bearing in mind the problems and de?ciencies of 
the prior art, the present disclosure provides a structure Which 
makes it possible to reduce the occurrence of discontinuities 
Within the metalliZation, such as voiding or seams, during 
electroplating at the edges of semiconductor metalliZation 
arrays across the Wafer by using a metaliZation bar that is 
placed around the periphery of the semiconductor array. The 
metalliZation bar provides for improved uniform current dis 
tribution in the microcircuitry features across the entire array. 
[0020] FIG. 2 displays a top-doWn schematic of the entire 
semiconductor array (201) With a single metalliZation bar 
(202) running along the periphery of the array. By placing the 
metalliZation bar adjacent to the periphery of the array, the 
edge of the array does not possess as large of a discontinuity 
in the electrochemical potential as in the case When the bar is 
not present. The features at the array edge Will effectively 
experience a potential similar to that in the center of the 
semiconductor array, for Which plating conditions have been 
optimiZed, and thus a uniform current distribution is achieved 
for the Whole semiconductor array. Typically, the peripheral 
bar has a Width larger than that of the features in the semi 
conductor array so that the aspect ratio is suf?cient to prevent 
voids from forming in the bar. 
[0021] HoWever, the Width of the bar is typically kept small 
enough so that any impact on circuit design is negligible and 
generally is no larger than about 1 pm. Typically, the Width of 
the bar is at least about 2 times larger than the Width of the 
array lines 
[0022] If the array is electrically connected to other struc 
tures at a particular metalliZation level (203), then the bar 
typically contains a break around the periphery of the array 
but can be continuous around the periphery of the array on all 
other levels. In order to insulate the tWo metalliZation struc 
tures, a gap (204) containing the conventional dielectric mate 
rial deposited during the normal manufacturing process 
exists. 
[0023] FIG. 3 illustrates a cross-sectional schematic of the 
edge of the semiconductor array (301) and the peripheral bar 
(302). The siZe of the gap (303) is chosen to minimiZe any 
parasitic capacitance that develops betWeen the semiconduc 
tor array and the bar. 
[0024] For instance, the gap is typically about 0.5 pm to 
about 2 pm in Width and more typically about 1 um to about 
2 pm in Width. Numerical modeling of the proposed structure 
indicates that a 1 micron gap betWeen an array of 0.2 micron 
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Wide lines and a 0.5 micron peripheral bar increase the 
capacitance by approximately 2%. It should be understood 
that the above dimensions are exemplary of current metalli 
Zation dimensions and could change to accommodate differ 
ent dimensions. For instance, as appreciated by those skilled 
in the art, the metalliZation generally shrinks by about 30% 
every technology generation, Which currently is introduced 
roughly every 12 to 18 months. 
[0025] The thickness of the bar is typically, for purposes of 
convenience, about the same as the thickness of the array 
lines. Also the metalliZation bar can be plated by the same 
step(s) as the semiconductor metalliZation. Accordingly, no 
additional processing steps Would be needed. In addition, the 
conditions of the electroplating that have been optimiZed for 
plating across the entire Wafer do not need to be altered. 
[0026] Typically, the metalliZation structure or bar can be 
fabricated With the same materials used to form the semi 
conductor metalliZation. The materials can include a barrier 
layer beneath the electrically conductive layer. 
[0027] Examples of some barrier layers are examples of 
platable high resistive metal barrier layer are tantalum, tan 
talum nitride, titanium, titanium nitride, tungsten, tungsten 
nitride, ruthenium, ruthenium, rhenium, cobalt, molybde 
num, chromium, mixtures thereof and alloys thereof. Further 
examples of platable high resistive metal barrier layers are 
iridium, platinum, gold, thallium, lead, bismuth, vanadium, 
chromium, cobalt, iron, nickel, copper, aluminum, silicon, 
carbon, germanium, gallium, arsenic, selenium, rubidium, 
strontium, yttrium, Zirconium, niobium, rhodium, palladium, 
silver, cadmium, tin, antimony, tellurium, hafnium and 
osmium. The alloys of the above metals can include various 
alloying materials such as, but not limited to O, S, N, B and P. 
Also the barrier layer can comprise a plurality of layers of the 
same and/ or different compositions. 

[0028] The conductive material is typically Cu, Cu alloys, 
Al, Al alloys, Ag or Ag alloys and more typically Cu contain 
ing conductive materials(e.g. Cu and Cu alloys). Typically 
plating baths for Cu and Cu alloys are disclosed in US Patent 
Publication 2004/006948 Al, disclosure of Which is incorpo 
rated herein by reference. 
[0029] The peripheral bar can be included either at one 
level or multiple levels of semiconductor metalliZation. In a 
preferred embodiment, the bar Would be used at the loWest 
levels of metalliZation, Which generally exhibit the smallest 
feature Widths or largest feature aspect ratios. Although the 
peripheral bar is not electrically active in the preferred 
embodiment, the peripheral bar can be made electrically 
active to serve as a monitor for crack propagation through the 
bar by probing its resistivity. In another alternate embodi 
ment, the peripheral bar Will be connected to the ground 
potential, Which can assist in shielding the array from elec 
trical signals passing through adjacent features. 
[0030] The foregoing description illustrates and describes 
the disclosure. Additionally, the disclosure shoWs and 
describes only the preferred embodiments but, as mentioned 
above, it is to be understood that it is capable of use in various 
other combinations, modi?cations, and environments and is 
capable of changes or modi?cations Within the scope of the 
invention concept as expressed herein, commensurate With 
the above teachings and/or the skill or knoWledge of the 
relevant art. The embodiments described hereinabove are 
further intended to explain best modes knoWn by applicant 
and to enable others skilled in the art to utiliZe the disclosure 
in such, or other, embodiments and With the various modi? 
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cation required by the particular applications or uses thereof. 
Accordingly, the description is not intended to limit the inven 
tion to the form disclosed herein. Also, it is intended that the 
appended claims be construed to include alternative embodi 
ments. 

[0031] All publication and patent applications cited in this 
speci?cation are herein incorporated by reference, and for 
any and all purposes, as if each individual publication or 
patent application Were speci?cally and individually indi 
cated to be incorporated by reference. 

Having thus described our invention, What We claim as neW 
and desire to secure by Letters Patent is as folloWs: 

1. A structure capable of reducing the occurrence of dis 
continuities Within the metalliZation that form during electro 
plating at the edges of semiconductor arrays Which comprises 
a substrate having a semiconductor array comprising conduc 
tive lines and a metalliZation bar located around the periphery 
of the array, and dielectric material located betWeen the met 
alliZation bar and semiconductor array to form a gap betWeen 
the bar and array. 

2. The structure of claim 1 Wherein the gap is about 0.5 pm 
to about 2 pm in Width. 

3. The structure of claim 1 Wherein the gap is about 1 um to 
about 2 um in Width. 

4. The structure of claim 1 Wherein the bar has a Width 
larger than that of the array. 

5. The structure of claim 1 Wherein the bar has a Width of 
about 1 um or less. 

6. The structures of claim 1 Wherein the bar is at least about 
2 times larger than the Width of the array lines. 

7. The structure of claim 1 Wherein the thickness of the bar 
is substantially the same as the thickness of the array lines. 

8. The structure of claim 1 Wherein the semi-conductor 
array and metalliZation bar have the same constituents. 

9. The structure of claim 8 Wherein the semiconductor 
array and metalliZation bar comprises a barrier layer located 
beneath a conductive layer. 

10. The structure of claim 1 Wherein the bar contains a 
break around the periphery of the array. 
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11. The structure of claim 1 Wherein the bar is connected to 
a ground potential. 

12. A method for electroplating an array of electrically 
conductive material onto a conductive seed layer or directly 
onto a platable resistive metal barrier layer located on a sub 
strate Which comprises: 

plating a metalliZation bar on the substrate around the 
periphery Where the array of electrically conductive 
material is to be located; 

contacting the substrate With a plating bath that optionally 
comprises a super ?lling additive and a suppressor, 
applying a current or voltage across electrodes, Wherein 
the substrate acts as one electrode and a conductor acts 
as a counter electrode to plate the electrically conductive 
material on the substrate. 

13. The method of claim 12 Wherein the array and bar are 
plated at the same time. 

14. The method of claim 12 Wherein the gap is about 0.5 pm 
to about 2 pm in Width. 

15. The method of claim 12 Wherein the gap is about 1 pm 
to about 2 pm in Width. 

16. The method of claim 12 Wherein the bar has a Width 
larger than that of the array. 

17. The method of claim 12 Wherein the bar has a Width of 
about 1 um or less. 

18. The method of claim 12 Wherein the bar is at least about 
2 times larger than the Width of the array lines. 

19. The method of claim 12 Wherein the thickness of the bar 
is substantially the same as the thickness of the array lines. 

20. The method of claim 1 Wherein the semi-conductor 
array and metalliZation bar have the same constituents. 

21. The method of claim 20 Wherein the semiconductor 
array and metalliZation bar comprises a barrier layer located 
beneath a conductive layer. 

22. The method of claim 1 Wherein the bar contains a break 
around the periphery of the array. 

23. The method of claim 1 Wherein the bar is connected to 
a ground potential. 


