
3GRAIN BOUNDARY BLOCKING FOR STRESS MIGRATION AND 4ELECTROMIGRATION
IMPROVEMENT IN CU INTERCONNECTS 5 6 8 9Background of Invention 101) Field
of the Invention 11This invention relates generally to the field of
semiconductor 12processing, and more particularly, to reduction of
electrornigration and stress voids in 13metal :interconnect. structures. 14
152) Description  of the Prier Art 16The ever increasing requirements for
hid' density and performance 17associated with ultra large scale
integration (LILSI) semiconductor device wiring are 18difficult to satisfy
in terms of providing submicron-sized, low resistance-capacitance ((C)
19metallization patterns. Conventional semiconductor devices typically
comprise a 20semiconductor substrate, usually a doped monocrysiallin.c
silicon (Si). and plurality of 21sequentially formed interlayer dielectrics
and electrically conductive patterns. An 22integrated circuit is formeded
therefrom containing a plurality of patterns of conductive lines separated
by inter-wiring spacings. Typically, the conductive patterns of vertically
spaced 24metallization layers are electrically connected by vertically
oriented conductive plugs 



15filling via holes formed in the intalayer dielectric layer separating the
metallization layers, 16while other conductive plugs filling contact holes
establish electrical contact with active 27device regions, such as a
source/drain region or a transistor, formed in or on a 28semiconductor
substrate. Conductive lines foimed in trench-like openings typically extend
Isubstantially parallel to the semiconductor substrate. Semiconductor
devices of such type ?according to current technology may comprise five or
more levels of metallization to 3satisfy device. geometry and
micro-miniaturization requirements. 4 5A commonly employed method for
forming conductive plugs for 6electrically interconnecting vertically
spaced tnetallization layers is known as "damascene" 7-type processing.
Generally, this processing involves forming an opening for via) in the
8dielectric interlayer, which wilt subsequently separate the vertically
spaced metallization 9layers. The opening is typically formed using
conventional lithographic and etching 10techniques, After the opening is
formed, the opening is filled with conductive material, 11such as tungsten
or copper, using conventional techniques. Excess conductive material on
12the surface of the dielectric interlayer is then typically removed by
chemical mechanical 13planarization (CMP). 14High performance
microprocessor applications require rapid speed of 15semiconductor
circuitry, and the integrated circuit speed varies inversely with
resistance 16and capacitance of the interconnection pattern. As integrated
circuits become more 



17complex and feature sizes and spacings become smaller, the integrated
circuit speed 18 becomes less dependent upon the transistor itself and more
dependent upon the 19interconnection pattern. If the interconnection node
is routed over a considerable distance,  20e.g., hundreds of microns or
more, as in submicron technologies, the interconnection 21capacitance
limits the circuit node capacitance loading and, hence, the circuit speed.
As 22integration density increases and feature size decreases, in
accordance with submieron 13design rules, the rejection rate due to
integrated circuit speed delays significantly reduces 24manufacturing
throughput and increases manufacturing costs. 25 26 27Copper (Cu) and
Cu-based alloys are particularly attractive for use in 28'VLSI and ULSI
semiconductor devices, which require multi-level metallization layers.
Copper and copper-based alloy metalhzation systems have very low
resistivities, which are significantly lower than tungsten and even lower
than those of previously preferred 3systems utilizing aluminum and its
alloys. Additionally, copper has a higher resistance to 4electromigration.
Furthermore, copper and its alloys enjoy a considerable cost advantage
5over a manlier of other conductive materials, notably silver and gold.
Also, in contrast to 6aluminum and rerraciory-tyw metals, copper and its
alloys can be readily deposited at low 7temperatures formed by well-known
(wet) plating techniques, such as electroless and 8electroplating
techniques, at deposition rates fully compatible with requirements of
manufacturing throughput. 



10 11The more relevant technical developments in the patent literature can
be 12gleaned by considering the following patents. 13US 6,633,085 - Besser,
, et al.- shows a method of selectively alloying 14interconnect regions by
ion implantation. A metal interconnect structure and method of 15making the
same implants ions of an alloy elements into a copper line through a via,
Then ion implantation of the alloy elements in the copper line through the
via provides improved 17electromigration properties at the copper line at a
critical electromigration failure 18without attempting to provide alloy
elements throughout the entire copper line. 19US 6,500,749 -Liii. et al, -
Method to improve copper via 20electromigmtion (EM) resistance - ions are
implanted through the via pattern hole into the 21metal via portion, and
any portion of the metal interconnect structure above the metal via
22portion. Whereby the metals have improved electromigration resistance.
23US 6,713,875 - Farrar - Bather layer associated with a conductor 24layer
in damascene structures .. 25US 20030160330 Al - MeTeer, Allen. - Copper
interconnect for an 26integrated circuit and method for its fabrication - A
small dose of titanium is implanted 27 in the copper surface. The implanted
titanium layer suppresses the copper oxide gowth in  1the copper bond pad
by controlling the concentration of vacancies available to the copper ion
transport. 



3US 6,426,289 - Farrar - shows a method of' fabricating a barrie
4associated with a conductor layer in damascene. structures. 5US 6,117,770
- Pramanick , et al. shows a method for implanting 6semiconductor
conductive layers. 7US 6,228,759-. shows a method offonning an alloy
8precipitate to surround interconnect minimize electromigration"kn alloy
precipitate is 9formed to surround a conductive fill within an interconnect
opening, including especially a 10top surface of the conductive fill.. The
alloy precipitate at the top surface and at the grain 11boundary of the
conductive fill prevents drill of the conductive material along the top
12surface and along the grain boundary of the conductive fill and into the
insulating layer 13surrounding the interconnect opening. :4 15US
20040005773 Al - Lopatin,; et al. - Method of using ternary 16 copper alloy
to obtain a low resistance and large grain size interconnect - A method of
17fabricating an integrated circuit includes forming a barrier layer along
lateral side walls 18and a bottom of a via aperture and providing a ternary
copper alloy via material in the via 19aperture to form a via. 20  2Summary
of the Invention 3Example embodiments or the present invention provide
structures and 



4methods for forming an interconnect structure with a doped region in. a
top portion of a .5lower interconnect. An example embodiment is a method to
fabricate a metal interconnect 7structure having improved eiectromigration
resistance, comprising the steps of: 8providing a semiconductor structure
having an exposed interconnect therein; 9implanting alloying elements into
the interconnect to form a first implanted region in 10the interconnect;
annealing the interconnect and the first implanted region to Corm a first
doped region in a top portion, of the interconnect; the first doped region
having grain 3boundaries that are at least partially blocked. 14 15An
example embodiment is an interconnect structure comprise the 16following;
17a dielectric layer over a semiconductor structure; 18a hard mask layer
over said dielectric layer; 19an interconnect opening in said hard mask
layer and said dielectric layer; Pr)a barrier layer over said hard mask
layer said dielectric layer in said interconnect opening; an interconnect
filling said interconnect opening comprised of copper; 23a first doped
region in a top portion of said interconnect. 14 25This summary
incorporates by reference the substance the claims o 



26this patent as allowed.  The above and below advantages and features are
of representative 2embodiments only, and are not exhaustive and/or
exclusive. They are presented only to 3assist in understanding the
invention. It should be understood that they are not 4representative of all
the inventions defined by the claims, to be considered limitations on 5the
invention as defined by the claims, or limitations on equivalents to the
claims. For 6instance, some of these advantages may be mutually
contradictory, in that they cannot be 7simultaneously present in a single
embodiment. Similarly, some advantages are applicable Sto one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of 9
the claimed invention have not been discussed herein. However, no inference
should be 10drawn regarding those discussed herein relative to those not
discussed herein other than for 11purposes of space and reducing
repetition. Thus, this summary of features and advantages 12should not be
considered dispositive in determining equivalence. Additional features and
13advantages of the invention will become apparent in the following
description, from the 14 drawings, and from the claims. 16 17  Brief
Description of the Drawings 3The features and advantages of a semiconductor
device according to the 



4present invention and thither details of a process of fabricating such a
semiconductor 5device in accordance with the present invention will be more
clearly understood from the 6Following description taken in conjunction
with the accompanying drawings in which like 7reference numerals designate
similar or corresponding elements, regions and portions and 8in which: 9
10Figure 1A-1 shows a cross sectional view of an first example 11embodiment
of an interconnect structure. Figure 1A-2 shows a cross sectional view of
an first example 13embodiment of an interconnect structure. 14Figures 18 to
El show a cross sectional views of an first example 15embodiment of an
interconnect structure. Figure 2A-1 shows a cross sectional view of a
second example 17embodiment of an interconnect structure. 18Figure 2A-2
shows a cross sectional view of a second example 19embodiment of an
interconnect structure. 20Figures 2B to 2D show a cross sectional views of
a second 21.embodiment of an interconnect structure. 22Figure 3 shows a
cross sectional view of the top surface of doped region of the
23interconnect slier anneal. 24 



Detailed Description of the Example Embodiments 2 3 4Example embodiments of
the present invention will be described in 5 detail with reference to the
accompanying drawings. The example embodiments of the 6present invention
provides a structure and method of forming ark interconnect having a 7doped
region near the surface. The doped region had alloying elements that block
at least 8some of the grain boundaries and reduce stress and eleetro
migration, 9Two example method and structure embodiments are described
below. 10In the first emboditnent, the barrier layer is not removed by
chemical-mechanical polish 11(CMP) before the implantation of the alloying
element. The barrier laver acts as an 12implant block to prevent the
alloying elements from being implanted into the dielectric 13layer. 14In
the second embodiment, the barrier layer is removed by chemical- 1
5mechanical polish (CNIP) before the implantation of the alloying element.
A hard mask 16layer that underlies the bather layer acts as an implant
block to prevent the alloying 17elements from being implanted into the
dielectric layer. 18 19 1.First example embodiment 20Figures IA-1, 1A-2,
and 1B to 1E show a first example embodiment 



21for a method of forming an interconnect. In the first embodiment, the
barrier layer is not 22 removed by chemical-mechanical polish (CM?) before
the implantation of the alloying 73element. The barrier layer acts as an
implant block to prevent the alloying elements from 24being implanted into
the dielectric layer, 25 26Referring to figure 1A-1, we provide a
semiconductor structure 14 27 having an exposed lower interconnect 24 and
an inter metal dielectric layer 20. The term  I"structure surface" is meant
to include the upper most exposed layers over a semiconductor 2wafer, such
as a. silicon surface, an insulating layer and/or conductive lines. The
lower interconnect 24 is preferably comprised of copper. The lower.
4interconnect preferably has a top doped region 26. The top doped region is
preferably 5formed by an embodiment of the invention. The lower
interconnect is shown for an     example and the style and composition of
the lower interconnect can be any feasible 7interconnect. The top doped
region 26 is preferably doped with alloying element such 9 as B, P N or C
with a concentration less than 1% and more preferably between 0,1 and 1 10
atomic %. The alloying elements are preferably non-metallic. The top doped
region 26 11has at least some grain boundaries stuffed with ihe alloying
element. See below thr further 12description. At least some of the grain
boundaries of the top doped region 26 are blocked 13by solutes and
precipitates or the alloying elements. 



14The top doped region preferably has a depth between 400 and 1300 k 15The
inter metal dielectric layer is preferably comprised of low K 16 materials
such an OSG material, examples of which can include BLACK DIAMOND 17silicon
oxide-based CVD low-k film available from Applied Materials, Inc.; CORAL
low- 18k dielectric film available from Novellus Systems Inc.; and SiLK
dielectric material 19 available from Dow Chemical Co. Other examples of
low-k materials include; BLACK DIAMOND 2 insulator material available from
Applied Materials, Inc.; or p-SiLK 21dielectric material available from Dow
Chemical Co, (low K is dielectric constant K < 3). 22The semiconductor
structure further comprises a hard mask 28 on the 23inter metal dielectric
layer 20. The hard mask can be comprised of 5102, SiN, or SiC 24based
materials. 25 26Next, we form a lower cap layer 30 over the lower
interconnect 24 and 27the inter metal dielectric layer 20. The cap layer is
preferably comprised of SiC based, or 28SiN based materials or combinations
thereof.  Subsequently, we form a dielectric layer 34 over the lower cap
layer 30. The dielectric layer 34 is preferably comprised of low K
materials such 3as described above (low K is K C 3). 4 5A hard mask layer
38 is formed over the dielectric layer 34. 6We then forming an interconnect
opening in the hard mask layer 38 and 7the dielectric layer 34. 



8The interconnect opening preferably has a dual damascene shape 9
comprising a top line opening and a bottom via plug opening. 10We form a
barrier layer 42 over the hard mask layer 38 the dielectric IIlayer 34 in
the interconnect opening. The barrier layer can also act as an implant mask
for 12 a subsequent doping implant. 13The barrier layer 42 is preferably
comprised of Ru, Ru oxide, W, TiSiN, 14 Tit, TaN or a bi-layer of Ta and
TaN. The barrier layer preferably has a thickness between 15100 and 500 A.
The barrier layer preferably acts an implant mask. The bather layer 16
preferably has thickness between 100 and 300 A. 17A barrier layer comprised
of a layer of Ta and a layer of TaN (Th./ram 18 preferably has a thickness
between 100 and 300 A and more preferably about 200 A. 19rhe interconnect
can be comprised of a conductive metal, such as Au, 20 Al, Cu, Cu alloys,
Ag, and W. Preferably the interconnect is comprised of Cu formed 21using a
damascene process. We form a copper layer filling the interconnect opening
and covering 23 the barrier layer 42. The copper layer can be Cu or a
copper alloy such as OJAI. The 24 copper layer is preferably made using a
ECP process and the copper is preferably substantially pure. 26Referring to
Fig 1.A-2, we plan ,e the copper layer to a level about 17 even with the
barrier layer 42 to form an interconnect 46 preferably without removing
28significant portions of the barrier layer.                  Preferably,
CMP process paused after removing the Metal 46 over the Bather layer and
before bather (TalTaN) was planarized and removed,. In order to secure
I-step CMP uniformity, there is a new technology called E-CMP which can
also be used 



4here to remove Cu only (remain barrier layer e.g., TalfaN 5 6The dual
damascene interconnect 46 is preferably comprised of a via plug 46A and a
line 46B. 8Referring to fig I B, we place (e.g., ion implant) alloying
elements into 9the interconnect 46 and the barrier layer 42 to form a first
implanted region 50. Preferably, 10we use a plasma immersion ion
implantation process. Preferably the entire exposed top surface of the
interconnect 46 is 12implanted. 13In an example plasma immersion ion
implantation process, we implant, 14B, P. N, Si or C atoms, at an energy
between 10 to 100 keV and more preferably al a hit 15high energy 40 to 100
key. The dose is preferably between 1 xlE1515 and IxiElS 1E' 16atoms/
sq-cm. 17The alloying elements are preferably comprised of a material
18comprising B, P. N, Si or C. Preferably the alloying elements are
non-metallic so there is 19less concern for a "shorting" failure. 20Since
barrier (e.g., TatTaN) are materials with dense-structure and 21heavy
atoms, it was expected that dopants will not penetrate further through this
barrier 22layer 42. Therefore the underneath IMD layers will not: be
affected. "ice )Referring to figure 1C, we anneal the interconnect and the
first 



24implanted region 50 to form a first doped region 54 in a top portion of
the interconnect. 25The first doped region has grain boundaries that are
occupied by the alloying elements. 26The anneal can be performed at a
temperature between 200 to 400C, 27and more preferably between 250 to 300C.
The anneal is preferably performed for a time  Ibetween 10 to 30 minutes
and is preferably performed in a gas environment of N, or 3The anneal is
preferably performed after the doping implant for each 4metal layer
although it is possible to perform one anneal after all metal doping/metal
layer 5are four ed. 6The first doped region 54 (after anneal) has an
alloying element 7 concentration between about 0.1 and 1.00 atomic % and
more preferably between 0.1 and 80.5 atomic %. 9 10The first doped region
has a depth between 400 and 1300 A and more 11preferably between 700 and
800 A. 12In the first embodiment, since we preferably have about .300
angstroms 13Ta barrier before doping, the penetration depth should be
thicker than that in the second 14 embodiment. 15The portion of the
interconnect 46 below the first doped region 54 is 16substantially free of
the alloy elements. 17 



18The interconnect was implanted with B, P. N, Si, C or other suitable 19a
annealed at certain temperature to drive these dopants to diffuse into the
Cu lattice. 21As shown in figure 3, since these dopants are normally
preferentially 22located in the grain boundaries of Cu, it is expected that
the ideal diffusion channels for 71vacancies such as grain boundaries and
surface will he blocked by B, P or other suitable 24 doparits. Therefore
the process of accumulation of vacancies can be retarded, Take the 25normal
big grain size of Cu (after anneal) into consideration, the volume
percentage of 26 grain boundaries in the dual damascene Cu lines will not
be high. Therefore the required 27 concentration of dopants in the Cu to
block the diffusion of vacancies may not need to be 28high too (<<1%).
Figure 3 shows a cross sectional view of the top surface of doped region
300 of the interconnect after anneal. Figure 3 shows the solutes or
precipitates 312 of the 3alloying elements in the grain boundaries of the
Cu grains. The alloying elements block the 4diffusion of vacancies 308 and
thereby reduce stress and electro migration problems. 6Referring to figure
ID, we planarize the barrier layer to remo 7barrier layer over the top
surface of the inter metal dielectric layer. PreferablyC. I 8does not
remove significant portions oldie interconnect 46 9The final stage of
chemical-mechanical polish willthe harrier (which can be 100 to 300
angstroms thick). A portion of the Cu line may also be polished 11away
during this stage. Preferably, the doping region is thick enough to
compensate for 



12the portion lost during the (NIP process. However, the doped region is
not too thick to 13increase the Cu resistance too much. 14After the CMP,
the first doped region preferably has a depth between 100 and 1000
angstroms anneal and more preferably a depth between 400 and 500
16angstroms. 17We then form a capping layerover the interconnect 46.
isSubsequently, another inter metal dielectric layer and overlying
interconnect can be !brined contacting the top surface of the interconnect.
20 21 ILSecond example embodiment 22Figures 2A-1 to 2D show a second
example embodiment for a 23structure and a method of forming an
interconnect. In the second embodiment, the bather 24layer is removed by
chemical-mechanical polish (CMP) before the implantation of the 25alloying
element. A hard mask layer that underlies the barrier layer acts as an
implant 26block to prevent the alloying elements from being implanted into
the dielectric layer. 27Parameters for the second embodiment are similar to
the first embodiment unless 28otherwise specified.  2Referring to figure
2A-1, we provide a semiconductor structure 214 3having an exposed lower
interconnect 224 and an inter metal dielectric layer 220. 4The tower
interconnect 224 can be comprised of copper. The lower 



5interconnect preferably has a top doped region 226. 6The top doped region
226 is doped with alloying element such as B, P, 7 N, Si, or C with
preferably concentration less than 1%. The top doped region 226 having 8at
least some grain boundaries stuffed with the alloying element. 9At least
some of the grain boundaries of the top doped region 226 are 10blocked by
solutes and precipitates or the aLloying elements. 11The top doped region
can have a depth between 400 and 1300 A. 12The inter metal dielectric layer
is comprised of low K materials such s 13 Coral TM, Black diamond TM, Silk
TM (low K is K< 3). 14The semiconductor structure further comprises a hard
mask 228 on the 15inter metal dielectric layer 220. The hard mask can be
comprised of Si02, SiN, or SiC 16based materials. 17We form a tower cap
layer 230 over the tower interconnect 224 and the 18inter mitaldielectric
layer 220. 19We form a dielectric Layer 234 over the lower cap laver 230.
20The dielectric layer 234 is preferably comprised of low K materials such
21 as Coral TM, Black diamond TM, Silk TM (low K is K < 3). 22We form a
hard mask layer 238 over the dielectric layer 234. 23We form an
interconnect opening in the hard mask layer 238 and on the 14dielectric.
layer 234. 25The interconnect opening preferably has a dual damascene shape



26 comprising a top line opening and a bottom via plug opening.
We form a barrier layer 242 over the hard mask layer 238 and the
28dielectric layer 234 in the interconnect opening.                    The
barrier layer 242 is preferably comprised of Rti, Ru oxide, W, TiSiN, Ta,
TaN or a hi-layer of Ta and TaN. The barrier layer preferably has a
thickness 3 between 100 and 500 k 4Then we form copper layer filling the
interconnect opening and covering the barrier layer 242. Referring to fig
2A-2, we planatize the copper layer and the barrier 7layer to a level about
oven with the top of hard mask layer 238. This forms an interconnect. 246
and removes the harrier layer 242 over the hard mask layer 238. The (MP can
remove a portion or the hard mask. LOPreferably the CMP removed
substantially all the barrier layer (e.g., TalfaN) and stopped on the hard
mask, The interconnect 246 top surface is exposed.. 17The interconnect 246
is preferably comprised of a via plug 246A and a 13line 2468. 14As shown in
figure 2B, we ion implant alloying elements into the 15interconnect 226 and
the barrier layer 242 to form a first implanted region 250. 16The implant
process (e.g., energy, dose, ions, etc) can be performed as 17described
above in the Is' embodiment. 18Preferably the entire exposed top surface of
the interconnect 246 is 19implanted 



20 it can be seen from the above process that the &pants will also hit on
77the areas covered by hard mask depend on the CMP process. It was expected
that the 23dopants will stopped by the hard mask layers and will minimize
its effect to the IMD 24layers. 25Referring to figure 2C, we anneal the
interconnect and. the first 26implanted region 250 to forin a first doped
region 254 in a top portion of the interconnect. 27 The first doped region
has gain boundaries that are blocked by the alloying elements. The anneal
can be performed as described in the Is' embodiment.  1The first doped
region 254 has a alloying element concentration between about 0,1% and 1.00
atomic % and more preferably between 0.1 and 0.5 atomic 3 %. 4After the
anneal, the first doped region has a depth between 100 and 51000 angstroms
after anneal and more preferably a depth between 400 and 500 6angstroms.
Preferably the depth is about 7 to 12 % of the tine thickness or preferably
about 710% of the line thickness. 8The portion of the interconnect 246
below the first doped region 254 is 9preferably substantially free of the
alloy elements from the first doped region 254. 10Figure 3 shows a cross
sectional view of the top surface 302 of doped Iiregion 300 of the Cu
interconnect 300 after anneal. Figure 3 shows the solutes or 12precipitates
312 of the alloying elements in the grain boundaries 304 of the Cu grains.
The 



13alloying elements (such as solutes or precipitates 312) block the
diffusion of vacancies 308 14and thereby reduce stress and electro
migration problems. 15As shown in figure 2D, we form a capping layer 260
over the 16 interconnect 246. Preferably, no CMP process is used between
the implant step and the 17formation of the capping layer 260.
18Subsequently, another inter metal dielectric layer and overlyi
19interconnect can be formed contacting the top surface of the
interconnect. 21The figures are not to scale or proportion. 22The above
description and illustrations should not be taken as limiting 23the scope
of the present invention defined by the claims. 24While the invention has
been particularly shown and described with 25reference to the preferred
embodiments thereof, it will be understood by those skilled in 26 the art
that various changes in form and details may be made without departing from
the 27spirit and scope of the invention. It is intended to cover various
modifications and similar 28 arrangements and procedures, and the scope of
the appended claims therefore should be  1accorded the broadest
interpretation so as to encompass all such modifications and similar 2.
arrangements and procedures. 3  s chinned is: 



1. A method to fabricate an interconnect structure comprising:
providing a substrate prepared with an intermetal  dielectric having an
interconnect with an interconnect top surface which is coplanar with an
intermetal dielectric top surface of the intermetal dielectric;
formimg a top doped region comprising nonmetallic dopants, wherein forming
the top doped region comprises       providing the nonmetallic dopants
having a first doparit concentration in a top portion of the interconnect,
and       annealing the substrate, wherein annealing causes the
non-metallic dopants in the top portion of the interconnect to Nock at
least some boundaries in the top doped region, wherein a lower portion of
the interconnect below the top doped region is substantially free of the
nonmetallic dopants as compared to the top doped region. 2. The method of
claim I wherein; the interconnect comprises copper; and the doped region
spans across the entire interconnect top surface. The method of claim 1
wherein: the interconnect comprises copper; and        the doped region
covers the entire interconnect top surface, the first dopant concentration
comprises less than about I atomic %. 4. The method of claim I wherein: the
interconnect comprises copper; and       the non-metallic dopants are
selected from N, B, P, Si and C or combinations thereof; and the first
dopant. concentration comprises less than about 1 atomic %. 5. The method
of claim 1 wherein the interconnect is formed in a dual dainascene opening
the interlineal dielectric, the dual damascene ope g co iprising a top line
"rig and a bottom via plug opening. b.The method of claim I wherein: the
interconnect comprises copper; and the first dopant concentration comprises
about 0.1 atomic % to 1.0 atomic %. 7,The method of claim 1 wherein: 



the interconnect comprises copper;       the interconnect is formed in a
dual damascene opening in the intennetal dielectric, the dual damascene
opening comprising a top line opening for an  interconnect line and a
bottom via plug opening for an Interconnect plug; and  the doped region has
a depth of about 7 to 12% a height of the interconnect line. 8. The method
of claim I wherein the doped region extends across the enure anect top
surfacel  9. The method. of claim I wherein the doped region has a final
depth between about 100 and 1000 A. 10. A method of forming a device
comprising:       providing a substrate prepared with an intermetal
dielectric with an interconnect, wherein an interconnect top surface of the
interconnect is coplanar with the intermetal dielectric top surface of the
intermetal dielectric; and        forming a top doped region at a top
portion of the interconnect, the lop doped region comprises non-metallic
dopants having a first dopant concentration, the nonmetallic dopants block
at least some grain boundaries in the top doped region, wherein a lower
portion of the interconnect 'below the top doped region is substantially
free of nonmetallic dopants as compared with the top doped region.  11. The
method of claim 10 wherein an interconnect harrier layer lines the
intennetal dielectric top surface and interconnect, wherein the intmonnect
top surface of the interconnect Is coplanar with a barrier top suriface of
the barrier layer,  dielectric top surface are rmovcd after forming the
doped region.  13. The method of claim 11 wherein portions of the barrier
layer lining the [[the]] interm tal dielectric top surface are removed
prior to forming the doped region.  14. The method of claim 10 wherein:
a hard mask is provided on the intennetal dielectric top surface, the hard
mask is used to pattern a trench in the intermetal dielectric for the
interconnect; and       an interconnect barrier layer lining the trench and
a hard mask top surface of the hard mask, wherein the interconnect lop
surface is coplanar with a barrier top surface of the barrier layer.  15.
The method of claim 14 wherein portions of the bather layer lining the hard
mask top surface of the hard mask are removed alter forming the doped
region.  16. The method of claim 14 wherein portions of the barrier layer
lining the hard mask top surface of the hard mask are removed prior to
forming the doped region.  17. The method of claim 10 further comprises an
anneal to diffuse the dopants of the doped region to block the grain
boundaries.  or a combination thereof. 



19. The method of claim 10 wherein the first dopant concentration comprises
about 0.1 1.0 atomic percent.  20. The method of claim 10 wherein the
interconnect comprises copper.  21. A method of forming an interconnect
comprising;       providing a substrate prepared with an intermetal
dielectric having a trench therein corresponding to an terconneet;
forming a conductive layer on the substrate, the conductive layer covering
the iatennetal dielectric and filling the trench;       plamnizing the
substrate to remove excess conductive layer to form the interconnect in the
trench, wherein an interconnect top surface of the interconnect is coplanar
with an interconnect dielectric top surface of the interconnect dielectric;
and       forming a top doped region at a top portion of the interconnect,
the top doped region comprising non-metallic dopants having a first dopant
concentration, the nonmetallic dopants block at least some grain boundaries
of the interconnect in. the top doped region, wherein a lower portion. of
the interconnect below the top doped region is substantially free of
non-metallic dopants as compared with the top doped region,  22.A method of
forming an interconnect in a semiconductor device comprising:
providing a substrate prepared with an intermetal dielectric having a trend
therein orresponding to an interconnect;       forming a conductive layer
on the substrate, the conductive layer covering the intemmtal dielectric
and filling the trench;              rig the substrate to remove excess
conductive layer to form the interconnect in the trench, wherein an
interconnect top surthee of the interconnect is coplanar with
an-interconnect dielectric top surface of the interconnect dielectric; and
forming a top doped region comprising non-metallic dopants, wherein forming
the top doped region comprises providing the non-metallic dopants having a
first dopant concentration in a top portion of the interconnect[[;]] and
annealing the substrate, wherein annealing causes the non-metallic dopants
in the top portion of the interconnect to block at least some grain
boundaries in the top doped region, wherein a lower portion of the
et below the top doped region is substantially lice of the nonmetallic
dopants as compared to the top doped region: 


