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(57) ABSTRACT 

Acopper rnetalliZation structure and its method of formation 
in Which a layer of a copper alloy, such as Cu—Mg or 
Cu—A1 is deposited over a silicon oxide based dielectric 
layer and a substantially pure copper layer is deposited over 
the copper alloy layer. The copper alloy layer serves as a 
seed or Wetting layer for subsequent ?lling of via holes and 
trenches With substantially pure copper. Preferably, the 
copper alloy is deposited cold in a sputter process, but, 
during the deposition of the pure copper layer or afterwards 
in a separate annealing step, the temperature is raised 
sufficiently high to cause the alloying element of the copper 
alloy to migrate to the dielectric layer and form a barrier 
there against diffusion of copper into and through the 
dielectric layer. This barrier also promotes adhesion of the 
alloy layer to the dielectric layer, thereby forming a superior 
Wetting and seed layer for subsequent copper full-?ll tech 
niques. Filling of the alloy-lined feature can be accom 
plished using PVD, CVD, or electro/electroless plating. 
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COPPER ALLOY SEED LAYER FOR COPPER 
METALLIZATION 

RELATED APPLICATION 

[0001] This application is a continuation in part of Ser. No. 
, ?led May 8, 1997 (Applied Materials Docket 

#1834) in the names of Ding, Chiang, Chin, Hashim and 
Sun, entitled Sputter Deposition and Annealing of Copper 
Alloy MetalliZation. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to metal deposi 
tions in semiconductor integrated circuits. In particular, the 
invention relates to copper metalliZations. 

BACKGROUND ART 

[0003] A critical part of any advanced semiconductor 
integrated circuit involves the one or more metalliZation 
levels used to contact and interconnect the active semicon 
ductor areas, themselves usually residing in a fairly Well 
de?ned crystalline silicon substrate. Although it is possible 
to interconnect a feW transistors or other semiconductor 
devices, such as memory capacitors, Within the semicon 
ductor level, the increasingly complex topology of multiply 
connected devices soon necessitates another level of inter 
connect. Typically, an active silicon layer With transistors 
and capacitors formed therein is overlaid With a dielectric 
layer, for example, silicon dioxide. Contact holes are etched 
through the dielectric layer to particular contacting areas of 
the silicon devices. A metal is ?lled into the contact holes 
and is also deposited on top of the dielectric layer to form 
horiZontal interconnects betWeen the silicon contacts and 
other electrical points. Such a process is referred to as 
metalliZation. 

[0004] A single level of metalliZation may suf?ce for 
simple integrated circuits of small capacity. HoWever, dense 
memory chips and especially complex logic devices require 
additional levels of metalliZation since a single level does 
not provide the required level of interconnection betWeen 
active areas. Additional metalliZation levels are achieved by 
depositing over the previous metalliZed horiZontal intercon 
nects another level of dielectric and repeating the process of 
etching holes, noW called vias, through the dielectric, ?lling 
the vias and overlaying the added dielectric layer With a 
metal, and de?ning the metal above the added dielectric as 
an additional Wiring layer. Very advanced logic device, for 
example, ?fth-generation microprocessors, have ?ve or 
more levels of metalliZation. 

[0005] Conventionally, the metalliZed layers have been 
composed of aluminum or aluminum-based alloys addition 
ally comprising at most a feW percent of alloying elements 
such as copper and silicon. The metalliZation deposition has 
typically been accomplished by physical vapor deposition 
(PVD), also knoWn as sputtering. A conventional PVD 
reactor 10 is illustrated schematically in cross section in 
FIG. 1, and the illustration is based upon the Endura PVD 
Reactor available from Applied Materials, Inc. of Santa 
Clara, Calif. The reactor 10 includes a vacuum chamber 12 
sealed to a PVD target 14 composed of the material to be 
sputter deposited on a Wafer 16 held on a heater pedestal 18. 
A shield 20 held Within the chamber protects the chamber 
Wall 12 from the sputtered material and provides the anode 
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grounding plane. A selectable DC poWer supply 22 biases 
the target negatively to about —600 VDC With respect to the 
shield 20. Conventionally, the pedestal 18 and hence the 
Wafer 16 is left electrically ?oating. 

[0006] A gas source 24 of sputtering Working gas, typi 
cally chemically inactive argon, supplies the Working gas to 
the chamber through a mass ?oW controller 26. A vacuum 
system 28 maintains the chamber at a loW pressure. 
Although the chamber can be pumped to a base pressure of 
about 10'7 Torr or even loWer, the pressure of the Working 
gas is typically kept betWeen about 1 and 10000 mTorr. A 
computer-based controller 30 controls the reactor including 
the DC poWer supply 22 and the mass ?oW controller 26. 

[0007] When the argon is admitted into the chamber, the 
DC voltage ignites the argon into a plasma, and the posi 
tively charged argon ions are attracted to the negatively 
charged target 14. The ions strike the target 14 at a substan 
tial energy and cause target atoms or atomic clusters to be 
sputtered from the target 14. Some of the target particles 
strike the Wafer 16 and are thereby deposited on it, thereby 
forming a ?lm of the target material. 

[0008] To provide ef?cient sputtering, a magnetron 32 is 
positioned in back of the target 14. It has opposed magnets 
34, 36 creating a magnetic ?eld Within the chamber in the 
neighborhood of the magnets 34, 36. The magnetic ?eld 
traps electrons, and for charge neutrality, the ion density also 
increases to form a high-density plasma region 38 Within the 
chamber adjacent to the magnetron 32. HoWever, it is 
understood that a plasma of decreasing density extends 
toWards the Wafer 16. 

[0009] With the continuing miniaturiZation of integrated 
circuits, the demands upon the metalliZation have increased. 
Many noW believe that aluminum metalliZation should be 
replaced by copper metalliZation. Murarka et al. provide a 
comprehensive revieW article on copper metalliZation in 
“Copper metalliZation for ULSI and beyond,”Critical 
Reviews in Solid State and Materials Science, vol. 10, no. 2, 
1995, pp. 87-124. Copper offers a number of advantages. Its 
bulk resistivity is less than that of aluminum, 1.67 pQ-cm vs. 
2.7 pQ-cm for pure material, and any reduction in resistivity 
offers signi?cant advantages as the Widths and thicknesses 
of the metalliZation interconnects continue to decrease. 
Furthermore, a continuing problem With aluminum metalli 
Zation is the tendency of aluminum atoms in an aluminum 
interconnect carrying a high current density to migrate along 
the interconnect, especially aWay from hot spots, in a 
process called electromigration. Any excessive amount of 
such migration Will break an aluminum interconnect and 
rendering inoperable the integrated circuit. Copper-based 
alloys exhibit signi?cantly reduced levels of electromigra 
tion. 

[0010] Copper metalliZation is an unproven technology 
and is acknoWledged to offer dif?culties not experienced 
With the conventional aluminum metalliZation. HoWever, it 
may afford Ways to circumvent problems inherent in alumi 
num metalliZation. 

[0011] Murarka et al. in the aforecited revieW article 
recommend alloying copper With magnesium or aluminum 
to improve the interfacial qualities. Later Work done by the 
Murarka group at Rensselaer Polytechnic Institute and their 
collaborators have developed a useful technique for forming 
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dependable copper interconnects and provide a model for its 
operation. As Lanford et al. describe in “Low-temperature 
passivation of copper by doping With Al or Mg,”Thin Solid 
Films, vol. 262, 1995, pp. 234-241, sputtering is used, as 
illustrated in the schematic cross section of FIG. 2, to 
deposit a ?lm of copper alloy on a substrate. The primary 
examples of the alloying element are aluminum and mag 
nesium. The copper alloy ?lm can be deposited as alternat 
ing layers of copper and the alloying element, or the tWo 
constituents can be co-sputtered, for example, by use of a 
copper alloy sputtering target. After completion of the 
sputtering at near to room temperature, the Wafer is 
annealed, for example, at 400° C. in argon for 30 minutes. 
The annealing causes a large fraction of the magnesium to 
diffuse to the outside of a remaining copper ?lm and to react 
With any oxygen present at the interfaces to form a ?lm of 
magnesium oxide. The MgO ?lm encapsulates the Mg 
alloyed Cu body. The upper free surface of the copper ?lm 
is passivated by the MgO ?lm. Magnesium oxide is a stable 
oxide and stops groWing at a thickness in the range of 5 to 
7 nm. The thin oxide is not believed to cause a high contact 
resistance, but in any case the oxide can be removed by a 
sputter etch prior to the deposition of a subsequent metal 
liZation. Lanford et al., ibid., suggest that the free surface is 
oxidiZed to MgO by oxygen impurities in the argon. 

[0012] MetalliZation in advanced integrated circuits faces 
a demanding requirement in ?lling high-aspect ratio holes. 
Increasing device density requires that the feature siZes be 
further reduced. HoWever, dielectric breakdown has pre 
vented the thickness of interlevel dielectric levels from 
being similarly reduced. As a result, the aspect ratio of vias 
and contacts has been increasing. The aspect ratio is the ratio 
of the depth of the hole through the dielectric forming the via 
or contact and the minimum lateral siZe of that hole. An 
aspect ratio of 5:1 is considered developmental technology, 
but even higher values Will be required. Assuming that high 
aspect-ratio holes can be etched, the problem remains of 
?lling them With metal for the interlevel connection. The 
geometry of high aspect-ratio holes is unfavorable for sput 
tering since conventional sputtering is fairly isotropic so that 
little sputtered material strikes the bottom of the hole 
compared to the lip of the hole, and the sputtering is likely 
to bridge the top of the hole and prevent any further 
deposition. The hole ?lling problem is illustrated in cross 
section in FIG. 2. A narroW and deep hole 40 is etched into 
a silicon oxide substrate 42, Which contains unillustrated 
structure to be electrically contacted. A copper layer 44 is 
then ?lled into the hole 40. If the ?lling is performed by a 
standard PVD process including an initial cold deposition to 
form a surface layer folloWed by a hot ?nal deposition to 
complete the ?lling, a void 46 is likely to form in the hole 
because the copper deWets from the oxide sides of the hole 
40. Once the copper bridges over the void 46 midWay 
through the deposition, it is virtually impossible to remove 
the void and complete the hole ?lling. 

[0013] At least tWo techniques are used to overcome the 
unfavorable geometry of hole ?lling, directional sputtering 
and re?oW. In directional sputtering, one or more of various 
techniques are used to produce a ?ux of sputtered particles 
incident upon the Wafer Which are heavily concentrated in 
the normal direction. Re?oW relies on the fact that metals 
?oW at moderately loW temperatures so that the metal, 
although initially deposited in a undesirable distribution, is 
made to How into the hole and to ?ll it. The re?oW may be 
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produced in a post-deposition anneal or may occur on an 
ongoing basis during a hot deposition. 

[0014] Directional sputtering may be achieved by many 
methods, including long-throW, collimation, and electro 
static attraction of ioniZed sputtered ions in a high-density 
plasma. Directional sputtering, although not required by the 
invention, is advantageously used in conjunction With it, as 
Will be discussed later. 

[0015] Re?oW of metalliZations, especially copper, pre 
sents several dif?culties. Unlike aluminum, copper has a 
relatively high melting point. Heating the substrate to the 
melting temperature of the metalliZation Would incur too 
high a thermal budget and may be inconsistent With prior 
processing steps. Aluminum and copper do How at some 
What loWer temperatures than their melting points, but the 
interface betWeen either of these metals and the silicon 
dioxide forming the usual interlevel dielectric is not favor 
able for re?oW. Neither aluminum nor copper Wet Well With 
silicon dioxide at certain high temperatures. As a result, 
these metals do not How in a smooth layer doWn a Wall of 
silicon dioxide. Indeed, if aluminum or metal is present as a 
thin layer on a surface of silicon dioxide, the metal tends to 
ball up in isolated locations. 

[0016] Xu et al. have addressed the re?oW problem With 
aluminum metalliZation in US. patent application, Ser. No. 
08/628,835, ?led Apr. 5, 1996. They recommend using a 
carrier layer of TiN and possibly Ti deposited by a high 
density plasma to perform a number of functions including 
increasing the adhesion of aluminum deposited in a narroW 
aperture extending through silicon dioxide. The carrier layer 
acts as a glue layer that adheres Well to silicon dioxide and 
also acts as a Wetting layer for the later deposited aluminum. 
As a result, the aluminum ?oWs doWn the carrier layer at a 
relatively loW temperature and thus easily ?lls the hole. 

SUMMARY OF THE INVENTION 

[0017] A structure and fabrication method for copper 
metalliZation including a copper alloy ?lm deposited, pref 
erably by cold sputtering, on a dielectric layer of silicon 
oxide. A purer copper ?lm is then deposited on the copper 
alloy layer, and after the start of copper deposition the 
temperature is raised to promote the diffusion of the alloying 
element Within the copper alloy layer. 

[0018] The invention is applicable, among other uses, to 
copper ?lling of narroW apertures, such as vias and trenches. 
The invention is also applicable to planariZation of copper. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is schematic cross-sectional vieW of a PVD 
reactor useful in practicing the invention. 

[0020] FIG. 2 is a schematic cross-sectional vieW of a 
void formed in ?lling a hole in a dielectric. 

[0021] FIG. 3 is a cross-sectional vieW of a via ?lled With 
copper according to one embodiment of the invention. 

[0022] FIG. 4 is an enlarged cross-sectional vieW of a 
portion indicated by circle 4-4 of FIG. 3 after the formation 
of the barrier. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] The parent patent application, incorporated herein 
by reference in its entirety, discloses the advantages of a 
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self-annealed copper metalliZation including an alloying 
element such as magnesium or aluminum. When deposited 
under the proper conditions, the alloying element readily 
diffuses to both the interface at the exposed top surface to 
form a self-passivating metal oxide layer With the alloying 
element and to form a barrier of an oxide of the alloying 
metal and silicon at the underlying silica interface. 

[0024] The disclosure in the parent application is primarily 
directed to the formation and advantages of the barrier 
betWeen the copper and the silica. We have discovered that 
similar processes With possibly some variations can be 
advantageously used for hole ?lling. 

[0025] According to one embodiment of the invention, as 
illustrated in the cross-sectional vieW of FIG. 3, a substrate 
includes a ?rst dielectric layer 50 having a metal line 52 on 
its surface. The discussion Will primarily be directed to 
interlevel vias, that is, conductive holes from one level of 
metalliZation to another, rather than to contacts to underly 
ing silicon areas. A second dielectric layer 54 is deposited 
over the metal line 52 and the ?rst dielectric layer 50. The 
second dielectric layers 54 in this embodiment is composed 
of a silicon oxide, for example, silicon dioxide deposited by 
a plasma-enhanced CVD process, although other forms of 
silica and silicate glasses can also be used to much the same 
effect. The metal line 52 is preferably formed of copper 
although the copper technology of the invention can be 
combined With loWer aluminum metalliZation, for example, 
of Al/Ti/TiN. A via hole 56 is photolithographically etched 
through the second dielectric layer 54 doWn to the under 
lying metal line 52. 

[0026] A seed layer 60 of a copper alloy is then sputter 
deposited into the via hole 56 and atop the second dielectric 
layer 54 under conditions favoring good bottom and side 
Wall coverage of the narroW via hole 56. Fu et al. disclose 
in US. patent application, Ser. No. , ?led May 8, 
1997 entitled Sustained Self-Sputtering Reactor Having an 
Increased Density Plasma [AMAT Docket 1898] a reactor 
for sustained self-sputtering of copper, Which can be advan 
tageously used for the required nearly conformal sputter 
deposition of copper and its alloys. 

[0027] The seed layer 60 needs to be deposited only to a 
very small thickness of about 5 to 10 nm. It may be thicker, 
up to about 200 nm, but additional thickness detracts from 
production ef?ciency in the hole ?lling process to be 
described later. Thus, a thickness of no more than 50 or 100 
nm is preferred in a production environment. If the seed 
layer 60 is being used to ?ll a narroW hole, the stated 
thickness is that on the side and bottom of the hole. The 
thickness of a sideWall deposition may be only a fraction of 
the thickness of deposition on a planar top surface With the 
ratio depending upon the feature siZe, its aspect ratio, and the 
sputtering conditions. The seed layer 60 can be sputter 
deposited under hot conditions so that the layer 60 self 
anneals during deposition. A hot sputter is performed pref 
erably With the substrate held in the range of 200 to 400° C. 
although higher temperatures are possible. HoWever, the 
complexity of hot sputtering is not required for many of the 
effects of the invention. Instead, the seed layer 60 can be 
sputter deposited under cold conditions beloW 200° C. or 
even beloW 100° C., temperatures not favoring the diffusion 
of the alloying element to the interfaces. It is possible under 
cold sputter deposition that a copper oxide layer forms at the 
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exposed surface of the seed layer 60, but the preferred ?lling 
process removes the copper oxide. 

[0028] We have observed that the copper alloy seed layer 
60 forms With a very smooth surface. In particular, a 200 nm 
thick Cu-Mg layer deposited on SiO2 and thereafter 
annealed at 450° C. for 30 minutes produced a very smooth 
surface. A 20 nm layer of pure copper similarly deposited 
over a 20 nm tantalum barrier over SiO2 produced gross 
agglomeration of the copper, indicating severe deWetting at 
temperatures as loW as 200° C. These results indicated that 
a smooth copper alloy seed layer 60 provides good Wetting 
to after deposited copper and thus promotes copper full-?ll 
of deep vias and trenches. 

[0029] After the thin seed layer 60 has been deposited, the 
via hole 56 is ?lled by a second deposition step With 
relatively pure copper. By relatively pure copper is meant 
copper that is at least 99 atomic % pure, and the 1% impurity 
or doping level does not apply to the alloying elements 
discussed here. The full-?ll deposition step producing the 
copper layer 62 may be performed by PVD, by chemical 
vapor deposition (CVD), or by electroplating or electroless 
plating. These deposition methods are described by Murarka 
et al. in the previously cited article in Critical Reviews. 
Preferably, the alloy seed layer 62 is deposited in a cold 
sputter, and the pure copper deposition is performed before 
the seed layer is annealed. As a result, it is likely that the 
copper alloy seed layer 62 spontaneously oxidiZes to form a 
surface layer of copper oxide although the oxygen can be 
annealed out because of the Cu—O bond is not very strong. 
For a PVD copper full-?ll, it should be performed at a 
relatively high temperature above 300° C., preferably 400 to 
550° C. The second PVD deposition may be a standard PVD 
process, collimated PVD, high-density plasma PVD, or yet 
other variations. For CVD deposition, a plasma preclean 
may be used. Electroplating Will naturally remove the cop 
per oxide. The smooth surface of the copper alloy seed layer 
62 promotes re?oW into via hole at relatively loW tempera 
tures Without deWetting due to the good adhesion of 
Cu—Mg to the oxide. A smooth Cu alloy surface promotes 
adhesion for the later deposited copper. For CVD copper, 
re?oW temperatures of no more than 200° C. are need; for 
electroplated copper, no more than 100° C. 

[0030] After the via ?lling, the structure is annealed to 
cause the alloying element to diffuse Within the copper alloy 
seed layer 60. The alloying element diffuses toWards the 
dielectric layer 54 and forms a very thin barrier layer 64, as 
illustrated in the enlarged cross-sectional vieW in FIG. 3, at 
the interface betWeen the seed layer 60 and the dielectric 
layer 54 that prevents copper from diffusing into and through 
the silica dielectric layer 54. The barrier layer 64 comprises 
an oxide of the alloying element along With some of the 
silicon. The alloying element Will also diffuse into the 
copper ?ll 62, but the thickness of the planar overlayer of 
copper needs to be minimiZed if the thin seed layer 60 is to 
provide enough alloying element to form a surface passi 
vating layer. Typically, hoWever, the free-surface passivation 
is not important because the entire surface Will by polished 
?at in a subsequent step of chemical mechanical polishing. 
The annealing is preferably performed Within the tempera 
ture range of 300 to 400° C. although temperatures up to 
600° C. can be used if they do not thermally degrade other 
structures on the Wafer. 
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[0031] The annealing can be performed in a separate 
annealing furnace or by rapid thermal processing involving 
radiant lamps. It also can be performed by in situ PVD 
annealing, that is, either a PVD deposition performed at an 
elevated substrate temperature or an anneal performed in the 
PVD chamber after cessation of the PVD deposition. The 
annealing ambient may be either high vacuum, a forming 
gas to minimiZe oxidation, or a reduced oxygen partial 
pressure to form a surface layer of the oxide of the alloying 
element, e.g., MgO or A1203, but not copper oxide. 

[0032] The single copper alloy seed layer 60 thus provides 
both a barrier layer at the silica interface and as and 
adhesion/Wetting layer at the copper interface. In the prior 
art, separate barrier and Wetting layers had been required for 
?lling deep holes in silica With copper. 

[0033] Although the description above referred to hole via 
for a generally square or circular via hole, the invention may 
be applied to other geometries. The aperture may be a trench 
extending a substantial distance along the surface of the 
dielectric. The trench need not extend through the dielectric, 
and the pure copper may be applied as a relatively thin 
conformal layer over the alloy layer in the trench. 

[0034] Another application of the alloy seed layer of the 
invention is for copper planariZation. As shoWn in FIG. 3, 
a small dimple 68 forms at the surface of the copper layer 
62 overlying the via hole 56. In vieW of the fact the via hole 
56 may be much deeper than the thickness of the planar 
portion of the copper layer 62, the geometry of hole ?lling 
Would indicate a much deeper dimple 68, Which could 
severely impact later formed layers. HoWever, the same 
effects produced by the seed layer of the invention Which 
promote full ?lling of deep holes also promote the planariZa 
tion of the upper surface of the copper layer 62 due to lateral 
re?oW of the copper as it is being deposited or is afterWards 
annealed, thereby reducing the siZe of the dimple 68. 

[0035] Although magnesium is the most preferred alloy 
ing element for copper and aluminum is also knoWn to 
provide bene?cial results, yet other alloying elements have 
been used With copper, for example, boron, tantalum, tellu 
rium, and titanium. To provide the bene?ts described above, 
such an alloying element should form stable oxides and 
readily diffuse through copper. Generally, the atomic alloy 
ing percentages range up to 10 atomic %. HoWever, it is noW 
generally believed that the Mg alloying should be kept 
beloW 6 atomic % and the Al alloying should be kept beloW 
0.3 atomic %. A minimum alloying percentage is 0.05 
atomic %. 

[0036] The invention thus provides a copper metalliZation 
structure that exhibits many bene?cial characteristics With 
out undue complexity in the structure or its fabrication. The 
copper alloy not only provides a barrier at the dielectric 
interface and passivation at the free interface but also 
promotes the deposition of a later deposited copper layer. 
The effect is particularly effective in ?lling holes of high 
aspect ratios. 

What is claimed is: 

1. A metalliZation structure, comprising: 

a dielectric layer comprising silicon and oxygen; 
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a copper alloy layer formed over said dielectric layer 
comprising copper and less than 10 atomic percent of 
an alloying element; and 

a substantially pure copper layer deposited over said 
copper alloy layer. 

2. The metalliZation structure of claim 1, further com 
prising an interfacial oxide layer betWeen said copper alloy 
layer and said dielectric layer comprising silicon, said alloy 
ing element, and oxygen. 

3. The metalliZation structure of claim 1, Wherein said 
alloying element comprises magnesium. 

4. The metalliZation structure of claim 3, Wherein said 
magnesium is present in an amount of betWeen 0.05 and 6 
atomic %. 

5. The metalliZation structure of claim 1, Wherein said 
alloying element comprises aluminum. 

6. The metalliZation structure of claim 5, Wherein said 
aluminum is present in an amount betWeen 0.05 and 0.3 
atomic %. 

7. The metalliZation structure of claim 1, Wherein said 
alloying element is selected from the group consisting of 
boron, tantalum, tellurium and titanium. 

8. The metalliZation structure of claim 1, Wherein said 
dielectric layer includes an aperture extending into said 
dielectric layer and Wherein said copper alloy layer is coated 
onto sides of said aperture. 

9. The metalliZation structure of claim 8, Wherein said 
aperture extends only partially through said dielectric layer, 
and Wherein said copper alloy layer is coated onto sides of 
said aperture. 

10. The metalliZation structure of claim 9, Wherein said 
aperture extends completely through said dielectric layer 
and overlies a conductive feature in a substrate over Which 
said dielectric layer is formed and Wherein said copper layer 
?lls said aperture. 

11. The metalliZation structure of claim 1, Wherein said 
copper alloy layer and said substantially pure copper layer 
extend over a planar surface of said dielectric layer. 

12. A method of forming a copper metalliZation, com 
prising the steps of: 

a ?rst step of sputter depositing onto a dielectric part of a 
substrate comprising silicon and oxygen a copper alloy 
layer comprising copper and less than 10 atomic per 
cent of an alloying element; and 

a second step of depositing onto said copper alloy layer a 
copper layer. 

13. The method of claim 12, Wherein said copper layer 
consists of substantially pure copper. 

14. The method of claim 12, Wherein said ?rst step is 
performed While maintaining said substrate at a temperature 
equal to or above 200° C. 

15. The method of claim 14, Wherein said temperature is 
no more than 400° C. 

16. The method of claim 12, Wherein said second step 
comprises plating copper. 

17. The method of claim 12, Wherein said second step 
comprises chemical vapor deposition of copper. 

18. The method of claim 12, Wherein said second step 
comprises physical vapor deposition of copper. 
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19. The method of claim 18, wherein said ?rst step is 
performed While holding said substrate at a ?rst temperature 
that is substantially loWer than a second temperature in said 
second step suf?ciently high to cause said alloying element 
to diffuse in said copper alloy layer. 

20. The method of claim 19, Wherein said ?rst tempera 
ture is less than 200° C. 

21. The method of claim 20, Wherein said ?rst tempera 
ture is less than 100° C. 

22. The method of claim 12, further comprising annealing 
said structure after said second step to cause said alloying 
element to diffuse in said copper alloy layer. 
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23. The method of claim 12, Wherein said ?rst step is 
performed While holding said substrate at a temperature 
beloW 200° C. 

24. The method of claim 12, Wherein said alloying ele 
ment comprises magnesium. 25. The method of claim 12, 
Wherein said alloying element comprises aluminum. 26. The 
method of claim 12, Wherein said dielectric part of said 
substrate includes an aperture therein, Wherein said ?rst step 
deposits said copper alloy layer on sides of said aperture, 
and Wherein said second step deposits said copper in said 
aperture onto said copper alloy layer. 

* * * * * 


