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(57) ABSTRACT 

A method of minimizing the volume of the depressions 240 
in aluminum cavity ?lling processes, by depositing a con 
formal ?rst layer of aluminum alloy 220 by chemical vapor 
deposition, long-throW sputtering, collimated sputtering, or 
ionized physical vapor deposition, to partially ?ll the cavity 
202. This layer is preferably deposited at loW temperature 
(eg less than 300 degrees C.) and loWer deposition pressure 
(if deposited by sputtering). Subsequently, a second layer of 
aluminum alloy 230 is deposited by sputtering at tempera 
tures greater than 350 degrees C. and at high poWer (e.g. 
greater than 10 kW) to close the mouth of cavity 202. The 
second layer of aluminum 230 is then forced into the 
remaining volume of the cavity 202. As part of the cavity 
202 is ?lled With aluminum alloy 220 before the high 
pressure aluminum eXtrusion/re?oW, less material is 
required to be transported into the cavity 202. Therefore, a 
smaller depression 240 above the cavity is produced. This 
method is particularly advantageous in multi-level intercon 
nect applications involving aluminum cavity ?lling. 
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CAVITY-FILLING METHOD FOR REDUCING 
SURFACE TOPOGRAPHY AND ROUGHNESS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The present invention relates to integrated circuit 
metalliZation structures and fabrication methods. 

[0002] 1. Background: Aluminum MetalliZation 

[0003] In modern integrated circuit fabrication, it is 
increasingly necessary to ?ll vias and contact holes Which 
have a high “aspect ratio”. This means a ratio of height to 
Width Which is 2:1 or more, and, as technology progresses, 
may be as high as 10:1 or more in future generations. 
Completely ?lling such holes With metal at an acceptably 
loW temperature is very difficult, particularly for metals 
(such as aluminum and copper) Which do not have a good 
loW-temperature chemical vapor deposition (CVD) process. 
Moreover, even a good CVD process Will not ?ll holes of 
in?nitely high aspect ratios. The seamline Within the cavity 
?lled With CVD aluminum or copper Will transform into a 
void and obstruct the current ?oW, resulting in a loW 
electromigration lifetime. 

[0004] Recently, contact and via ?lling With aluminum 
alloys has attracted a great deal of attention. Compared With 
contact/via ?lling With CVD tungsten, aluminum ?lling has 
the advantages of loWer cost, higher yield, and potentially 
better electromigration resistance (since there is less ?ux 
divergence near the plug). 

[0005] HoWever, one concern With aluminum metalliZa 
tion is still electromigration: a pure aluminum line may 
gradually thin out, in service, in locations of high current 
density. HoWever, the addition of copper greatly reduces this 
tendency. Longer electromigration (EM) lifetimes improve 
the product reliability. Thus, typical aluminum alloys use 
copper (typically one-half Weight percent to one Weight 
percent), alone or in combination With silicon (typically 
one-half Weight percent to one Weight percent), as an 
alloying agent. Efforts have been made to ?nd other satis 
factory aluminum alloy compositions; see eg Kikuta and 
KikkaWa, “Electromigration characteristics for Al—Ge— 
Cu,” 143 J. Electrochem. Soc. 1088 (1996), Which is hereby 
incorporated by reference. 

[0006] 2. Background: Aluminum Plug Processes 

[0007] As shoWn in prior art FIG. 5, a contact or via hole 
502 has been etched through a dielectric layer 510 to expose 
an underlying layer 500, folloWed by the ?lling of the 
cavities 502 With a layer of aluminum or aluminum alloy 
520 and the etchback (or CMP) of the aluminum layer 520 
on top of the dielectric 510 to form aluminum plugs 520. As 
can be seen in FIG. 5, after the etchback of the aluminum 
layer 520, the aluminum material 520 is typically recessed 
530 from the surface of the dielectric layer 510. This can 
undesirably result in a similar depression 550 forming in 
subsequently deposited metal layers 540. 

[0008] Aluminum plugs may be formed by a variety of 
methods, including sputter-re?oW, blanket CVD, selective 
CVD, or high pressure extrusion ?ll folloWed by an isotropic 
etch step or a chemical mechanical polishing (CMP) process 
to remove any excess aluminum. Re?oW methods apply a 
high temperature to help neWly-arrived atoms to move 
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around on the metal surface. Extrusion cavity ?lling meth 
ods (like the “Force?ll” (TM) process) apply physical pres 
sure at high temperatures to force a soft layer of as-deposited 
material into the hole. The force?ll process is uniquely 
advantageous in ?lling contact or via holes With extremely 
high aspect ratios. Indeed, as of 1997, it appears that force?ll 
is the only knoWn technique for ?lling holes With aspect 
ratios Which are signi?cantly greater than three to one. 

[0009] Aliner layer 505 (eg titanium silicide) is required 
for sputter-re?oW, blanket CVD and high pressure extrusion 
?ll. The liner layer 505 may also serve as a Wetting layer 
Which loWers the melting point and yield stress of the 
aluminum, as discussed in US. Provisional Patent Applica 
tion Ser. No. 60/037,123, ?led Feb. 3, 1997, Which is hereby 
incorporated by reference. In addition, various conductive 
coatings have been used on contact or via sideWalls in the 
prior art. For example, a barrier and adhesion layer (e.g. 
titanium nitride on titanium) is very commonly used. Such 
barrier, adhesion, and liner layers Will typically be only 
about a feW tens of nanometers thick. 

[0010] In a typical CVD ?lling process, CVD has the 
disadvantage that a join 705 occurs in the middle of the 
cavity 720 When the cavity 720 is fully ?lled With CVD 
metal 700, Which is illustrated in prior art FIG. 7A. After the 
metal 700 is heated, this join Will become a bubble 710, as 
shoWn in prior art FIG. 7B, Which increases the net series 
resistance of the contact or via connection. CVD aluminum 
processes can achieve reasonably high rates of deposition 
(currently up to about 200 nanometers per minute), but are 
typically much more expensive than sputter deposition. 

[0011] 3. Background: Depression Formation in Alumi 
num Cavity-Filling Processes 

[0012] In aluminum cavity-?lling processes, the alumi 
num layer on top of the dielectric material and over the 
cavities is not etched back as in aluminum plug processes. 
As shoWn in prior art FIGS. 3A and 3B, the aluminum 320 
is typically sputter deposited at a high temperature With a 
rapid deposition rate. This causes small cavities 310 to be 
readily bridged, With only a fairly small volume of metal 320 
intruding into the cavity 310 (e. g. less than 10 percent of the 
volume of cavity 310), as shoWn in FIG. 3A. After the ?lling 
of the cavities 310 With an aluminum alloy 320 (eg by 
re?oW or extrusion), a depression 330 typically forms over 
the cavity 310 (eg via, contact, or trench Within a dielectric 
layer 300). This depression 330 is a result of mass conser 
vation, as the aluminum alloy 320 deposited on the surface, 
shoWn in FIG. 3A, is transferred into the cavity 310, Which 
is illustrated in FIG. 3B. The volume of the depression 330 
shoWn in FIG. 3B typically equals the volume of the cavity 
310. 

[0013] A smooth surface can be achieved if the re?oW or 
extrusion process is carried out at elevated temperature (eg 
greater than 450 degrees C.), or in an ultra-high vacuum (e.g. 
pressure less than 1E-8 Torr) to promote the surface diffu 
sion of aluminum, Which Will smooth out the surface. 
HoWever, at loW temperatures (less than 450 degrees C., 
such as is required for use With loW-k dielectrics) or in poor 
vacuum conditions (10'5 Torr or softer vacuum), the mate 
rials diffusion rate is too sloW to smooth the surface, and thus 
a depression forms above the cavity. 

[0014] These depressions undesirably are picked up as 
defects by defect detection tools, Which increases the cycle 



US 2001/0002510 A1 

time. A further problem With the formation of large depres 
sions is that present lithography is unable to pattern small 
features above these depressions. These depressions are also 
undesirable for stacked via applications, because gap ?ll 
material, such as Hydrogen SilsesquioXane (HSQ) coated by 
spin-coating, becomes coated in the depression, making it 
dif?cult to perform subsequent via etching, since HSQ has a 
much sloWer etch rate than oXide dielectrics. Furthermore, 
as can be seen in prior art FIG. 4, these depressions 400 and 
410 produce rough surfaces and increase the surface topog 
raphy over dense cavity regions 420 and 430, because the 
depressions 400 and 410 above the cavities 420 and 430 
overlap and compete for materials needed to ?ll the cavities 
420 and 430, Which results in incomplete ?lling of the 
cavities 420 and 430. 

[0015] 4. Background: Graded-Temperature Aluminum 
Re?oW 

[0016] One conventional method of reducing the depres 
sion volume in aluminum cavity-?lling processes uses a 
graded temperature aluminum deposition process, Which is 
described in US. Pat. No. 5,108,951 to Chen et al. This 
process deposits a single aluminum layer, With temperature 
ramping, so that the aluminum is initially deposited at a loW 
temperature, in order to reduce the likelihood of contact 
spiking and to begin deposition of aluminum into the cavity. 
Thereafter, the temperature is ramped up to a higher tem 
perature to produce complete cavity ?lling and an allegedly 
smooth metal surface (at least for some aspect ratios). 
HoWever, this process uses only a single deposition step to 
produce a uniform metal composition. Thus, this process 
does not permit the metal in the cavity or at the bottom of 
the cavity to be separately optimiZed to accommodate junc 
tion spiking considerations or increased electromigration in 
the cavity. 

Method of Reducing the Surface Roughness 

[0017] The present application discloses a method of 
minimiZing the volume of the depressions in metal cavity 
?lling processes. In this process, a conformal ?rst metal 
layer is deposited by chemical vapor deposition, long-throW 
sputtering, collimated sputtering, or ioniZed physical vapor 
deposition, to partially ?ll the cavity. This layer is preferably 
deposited at a loW temperature (eg less than 300 degrees 
C.) and loWer deposition pressure (if deposited by sputter 
ing). Subsequently, if high pressure eXtrusion/re?oW is used 
to ?ll the bulk of the cavity, a second metal layer is deposited 
by sputtering at temperatures greater than 350 degrees C. 
and at high poWer (e.g. greater than 10 kW) to close the 
mouth of cavity. The second metal layer is then preferably 
forced into the remaining volume of the cavity. Since part of 
the cavity Was ?lled With the ?rst metal layer before the high 
pressure metal eXtrusion/re?oW, less material is required to 
be transported into the cavity. Therefore, a smaller depres 
sion above the cavity is produced. This method is particu 
larly advantageous in multi-level interconnect applications 
involving aluminum cavity ?lling, but is also applicable to 
other metalliZation systems. 

[0018] Advantages of the disclosed methods and struc 
tures include: manufacturable; 

[0019] eXisting hardWare can be used for the tWo-step 
aluminum cavity ?lling process; 
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[0020] the volume of depressions is reduced, Which 
reduces the surface topography; and 

[0021] surface roughness has also been found to be 
reduced. 

BRIEF DESCRIPTION OF THE DRAWING 

[0022] The disclosed inventions Will be described With 
reference to the accompanying draWings, Which shoW 
important sample embodiments of the invention and Which 
are incorporated in the speci?cation hereof by reference, 
Wherein: 

[0023] FIG. 1 shoWs a process How for fabricating metal 
?lled cavities in accordance With preferred embodiments of 
the present invention; 

[0024] FIGS. 2A-2C schematically illustrate the formation 
of metal-?lled cavities With a reduced depression; 

[0025] FIGS. 3A and 3B shoW a prior art depression 
formation over an aluminum-?lled cavity; 

[0026] FIG. 4 is a prior art cross-sectional diagram of tWo 
overlapping depressions; 
[0027] FIG. 5 shoWs a prior art integrated circuit structure 
having aluminum plugs; 

[0028] FIG. 6 illustrates the partial ?lling of cavities using 
an ioniZed PVD process; 

[0029] FIGS. 7A and 7B shoW the prior art ?lling of 
cavities using a CVD process folloWed by metal extrusion; 
and 

[0030] FIGS. 8A and 8B schematically illustrate one 
deposition embodiment of the ?rst metal layer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] The numerous innovative teachings of the present 
application Will be described With particular reference to the 
presently preferred embodiment. HoWever, it should be 
understood that this class of embodiments provides only a 
feW eXamples of the many advantageous uses of the inno 
vative teachings herein. In general, statements made in the 
speci?cation of the present application do not necessarily 
delimit any of the various claimed inventions. Moreover, 
some statements may apply to some inventive features but 
not to others. 

Sample Embodiment 

[0032] FIG. 1 shoWs a process How for fabricating a 
metal-?lled cavity having a reduced depression. This pro 
cess Will be eXplained in conjunction With the cross-sec 
tional diagrams of FIGS. 2A-2C. 

[0033] As shoWn in FIG. 2A, a cavity 202 (eg contact or 
via hole) has been etched (step 100) through a dielectric 
layer 210 (eg BPSG, TEOS, etc.) to eXpose an underlying 
layer 200, folloWed by the deposition of barrier and/or 
adhesion or liner layers 205 (eg titanium/TiN) to line the 
cavity 202. Subsequently, a conformal ?rst conductive layer 
220 (e. g. aluminum alloy) is deposited (step 110) to partially 
?ll the cavity 202, as shoWn in FIG. 2A. (As compared to 
barrier and adhesion layers, Which typically ?ll less than 10 
percent of the cavity volume, the bottom conductive layer 
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disclosed herein ?lls more than 10 percent of the cavity 
volume, and preferably more than 30 percent of the cavity 
volume.) This layer is preferably deposited at loW tempera 
ture (e.g. less than 300 degrees C.) and loW deposition 
pressure (if deposited by long-throW sputtering). 

[0034] A second metal layer 230 (eg aluminum alloy) is 
then deposited (step 120) at a temperature greater than 350 
degrees C. and at high poWer (e.g. greater than 10 kW) to 
close the mouth of the cavity, Which is illustrated in FIG. 
2B. This top metal layer 230 is then forced into the remain 
ing volume of the cavity 202 (step 130), as can be seen in 
FIG. 2C, by high pressure argon or other gas (eg at 60-90 
MPa at a susceptor temperature of 440 to 450 degrees C., 
Which implies a Wafer temperature of about 380 degrees C.) 
As is Well knoWn to those skilled in the art, the pressure and 
temperature can be traded off. At higher temperatures, the 
yield strength of the aluminum is less, and therefore less 
pressure is required to both force the metal into the cavity 
and eliminate voids (eg the pressure can range from 0-95 
MPa). For example, if the susceptor temperature is held to 
a minimum temperature of at least 460 degrees C., then a 
minimum pressure of at least 45 MPa has been found to be 
sufficient. Similarly, if the susceptor temperature is held to 
a minimum temperature of at least 500 degrees C., then a 
minimum pressure of at least 30 MPa has been found 
sufficient. (1 MPa is approximately equal to 10 atmospheres 
of pressure.) 

[0035] Since part of the cavity 202 Was ?lled With a 
conductive material 220 before the high pressure metal 
extrusion/re?oW (step 130), less material is required to be 
transported into the cavity 202. Thus, a smaller depression 
240 is formed above the cavity, Which is noW completely 
?lled With conductive layers 220 and 230 (eg aluminum 
alloy), shoWn in FIG. 2C. Assuming the top metal layer 230 
is planar before the extrusion process, the volume of the 
depressions 240 produced using preferred embodiments of 
the present invention approximately equals the volume of 
the cavity minus the volume of the bottom conductive layer 
Within the cavity. Since the volume of the depression pro 
duced by prior art methods approximately equals the volume 
of the cavity, the volume of the depression shoWn in FIG. 
2C equals the volume of the depression produced by prior 
art methods minus the volume of the bottom conductive 
layer in the cavity. Therefore, the volume of the depression 
created using embodiments of the present invention is less 
than the volume of the depression formed by prior art 
methods. 

[0036] Alternate Bottom Conductive Layer Embodiment: 
Copper 

[0037] In an alternative embodiment, the bottom conduc 
tive layer can consist essentially of copper. In this embodi 
ment, a good diffusion barrier 205 is preferably used. 

[0038] Alternate Bottom Conductive Layer Embodiment: 
Silicon 

[0039] In a further alternative (but less preferred) embodi 
ment, the bottom layer can be composed of silicon to 
partially ?ll the cavities prior to the deposition and extrusion 
of the top metal layer. 
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[0040] Alternate Bottom Conductive Layer Embodiment: 
Germanium 

[0041] In a further alternative embodiment, the bottom 
layer can be composed of germanium to partially ?ll the 
cavities prior to the deposition and extrusion of the top metal 
layer. 
[0042] Alternate Top Metal Layer Embodiment: Copper 

[0043] Alternatively, copper can be used as the top metal 
layer, since it is a candidate metal for use in force-?lling 
processes. 

[0044] First Bottom Conductive 
Embodiment: CVD 

[0045] In a preferred embodiment, the bottom conductive 
layer can be deposited by a chemical vapor deposition 
(CVD) process, using a dimethyl-aluminum-hydride 
(DMAH) source, to partially ?ll the cavities (?lling more 
than 10 percent of the volume of the cavities, and preferably 
more than 30 percent of the cavity volume). Since only a 
fraction of the total metal thickness is deposited by an 
expensive CVD process, the cost of producing devices using 
embodiments of the present invention is reduced. Further 
more, by performing a subsequent extrusion/re?oW process, 
the bubble, Which typically forms in CVD ?lling processes, 
seen in FIG. 7B, can be ?attened out. 

Layer Deposition 

[0046] The folloWing data gives results from actual test 
runs using preferred embodiments of the present invention. 
After the deposition of a liner layer of titanium/TiN, the 
process proceeded With the CVD of aluminum, folloWed by 
the deposition by sputtering and extrusion of an additional 
layer of aluminum. 

CVD Al thickness: 60 nm 
Sputtered Al—Cu 

Power: 16 kW 
Temp: 450 degrees C. 
Ar Pressure: 72 MPa 

[0047] Experimental results con?rmed that little or no 
recess Was formed over the cavities using the process 
parameters listed above. Therefore, by using CVD alumi 
num prior to depositing by sputtering an aluminum alloy and 
extruding the aluminum alloy into the cavities, a smooth 
surface over the cavities can be obtained. 

[0048] Second Bottom Conductive Layer Deposition 
Embodiment: IoniZed PVD 

[0049] Alternatively, the bottom conductive layer can be 
deposited by an ioniZed physical vapor deposition (PVD) 
process to partially ?ll the cavities (?lling more than 10 
percent of the volume of the cavities, and preferably more 
than 30 percent of the cavity volume). The ioniZed PVD 
process produces a structure similar to the one shoWn in 
FIG. 6. As can be seen, a rounded mass 610 of the ?rst 
conductive layer is deposited onto the surface of the dielec 
tric 620 and the bottom of the cavity 600 to partially ?ll the 
cavity 600 prior to completely ?lling the remaining volume 
of the cavity 600 in accordance With embodiments described 
herein. The rounded mass 610 of the ?rst conductive layer 
helps to reduce the cavity volume, and hence surface topog 
raphy and surface roughness. 
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[0050] Third Bottom Conductive Layer 
Embodiment: Collimated Sputtering 

Deposition 

[0051] Alternatively, the bottom conductive layer can be 
deposited by collimated sputtering to partially ?ll the cavi 
ties (?lling more than 10 percent of the volume of the 
cavities, and preferably more than 30 percent of the cavity 
volume). 
[0052] Fourth Bottom Conductive Layer Deposition 
Embodiment: Long-ThroW Sputtering 

[0053] Alternatively, the bottom conductive layer can be 
deposited by long-throW sputtering, in Which the distance 
betWeen the target and the Wafer is increased, to partially ?ll 
the cavities (?lling more than 10 percent of the volume of 
the cavities, and preferably more than 30 percent of the 
cavity volume). 
[0054] Fifth Bottom Conductive 
Embodiment: Combination 

[0055] In a further alternative embodiment, it is possible 
to combine more than one of the above listed preliminary 
deposition steps. For instance, a step such as ioniZed physi 
cal vapor deposition, Which produces metal on the bottom of 
a contact, can be combined With a CVD process, Which 
provides some metal deposition on the sideWalls of the 
contact. 

[0056] First Top Metal Layer Deposition Embodiment: 
Sputtering/High Pressure Extrusion 

[0057] In a preferred embodiment, the top metal layer is 
deposited by sputtering to close the mouth of the cavity, as 
is done in a normal Force?ll (TM) process. This top metal 
layer is then forced into the remaining volume of the cavity 
using a high pressure extrusion process. 

[0058] Second Top Metal Layer Deposition Embodiment: 
CVD/High Pressure Extrusion 

[0059] In an alternative embodiment, the top metal layer 
can be deposited by chemical vapor deposition (CVD). 
HoWever, CVD processes are typically more expensive than 
sputtering deposition processes, and hence are less pre 
ferred. 

[0060] Third Top Metal Layer Deposition Embodiment: 
No High Pressure Extrusion 

Layer Deposition 

[0061] Alternatively, after the deposition of the bottom 
conductive layer, the top metal layer can be deposited by 
sputtering at an elevated temperature (eg greater than 350 
degrees C.) and at a loW deposition rate (e.g. less than 3 kW) 
to promote the transport of the top metal layer into the 
cavity. After the deposition of the top metal layer, and 
Without a vacuum break, an in-situ thermal anneal at a 
temperature greater than 350 degrees C. is preferably per 
formed to achieve complete ?lling of the cavities. HoWever, 
this anneal is optional if the cavities are completely ?lled 
after the top metal deposition. 

[0062] Alternate Cavity-Filling Embodiment: 
Deposition 

[0063] In an alternative embodiment, a graded deposition 
process is performed prior to the force-?ll. The deposition 
process starts at relatively loW temperature (eg 200 degrees 
C.), to achieve some initial deposition of a metal Within the 
cavity. The temperature is then raised to a normal pre-force 

Graded 
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?ll temperature (eg 350 to 465 degrees C.) to deposit the 
metal over the top of the cavity in order to provide the 
starting point for the force-?ll process of the metal. For 
reference, the melting point of aluminum is 660 degrees C., 
or 933 degrees Kelvin, and tWo-thirds of the melting point 
of aluminum is 622 degrees Kelvin, or 339 degrees C. Thus, 
the initial deposition is performed at less than tWo-thirds of 
the aluminum melting point, While the subsequent deposi 
tion is performed at greater than tWo-thirds of the aluminum 
melting point. 
[0064] Alternate Cavity-Filling Embodiment: Choked-Off 
Cavity 
[0065] Note that it is not necessary for the bottom con 
ductive layer to leave an opening at the mouth of the contact 
or via hole. Alternatively, as shoWn in FIG. 8A, as long as 
at least 10 percent (but preferably 30 percent) of the cavity 
is ?lled With metal prior to the top metal deposition, this ?rst 
deposition 810 can choke off the cavity 800, since the 
force-?ll step of the top metal layer 820 Will nevertheless 
succeed in ?lling the cavity 800 (assuming that the ?rst layer 
810 also softens sufficiently at the temperature of the force 
?ll process, eg Where the ?rst 810 and second 820 layers 
are both aluminum or aluminum alloys). 

[0066] Alternate Cavity-Filling Embodiment: Deposition 
of Bottom Conductive Layer on Sides of Cavity 

[0067] Alternatively, as shoWn in FIG. 8B, the bottom 
conductive layer 810 can be deposited only on the sides of 
the cavity 800, folloWed by the deposition of the top metal 
layer 820 over the top of the cavity 800. After extruding the 
top metal layer 820 into the cavity 800, in accordance With 
embodiments of the present invention, a depression With a 
reduced volume Will form above the cavity. 

[0068] Alternate Conductive Coating Embodiment: Liner 
Layer 
[0069] Alternatively, a liner layer, containing silicon or 
germanium (e.g. TiSi2) can be deposited before the bottom 
aluminum layer to loWer the melting point of the aluminum 
alloy, and increase the diffusivity of aluminum. This enables 
faster aluminum transport at loWer temperatures, and thus a 
loWer temperature is adequate for complete ?lling. 

[0070] Alternate Metal Stack Embodiment: Different Alu 
minum Alloy Compositions 

[0071] In a contemplated class of alternative embodi 
ments, the use of tWo stages of metal deposition is exploited 
to permit the creation of differing aluminum alloy compo 
sitions in the contact or via hole and on the surface of the 
dielectric. Preferably, the aluminum alloy in the contact has 
a higher percentage of both silicon (or germanium) and of 
copper than does the aluminum on the dielectric surface. In 
a sample embodiment of this type, the ?rst aluminum 
deposition contains 1 percent of silicon, and 1 percent of 
cooper. 

[0072] The high concentration of silicon or germanium 
close to the contact to silicon provides the necessary pro 
tection against spiking, While the reduced (or eliminated) 
silicon or germanium dopant in the metal on the dielectric 
surface removes the risk of any etching problems caused by 
precipitated silicon residues. 

[0073] The gradation in the copper concentration betWeen 
the top and bottom layers of aluminum has a similarly 
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bene?cial effect. The use of a higher copper fraction in the 
bottom metal layer provides increased electromigration 
resistance in the areas around the top of contact or via holes, 
since the bottom metal layer provides a higher fraction of the 
total metal volume in these locations. The copper content of 
the top aluminum layer is preferably high enough to achieve 
at least a half percent of copper in the total layer composi 
tion. 

[0074] For a sample embodiment With 300 nanometers 
(0.3 microns) contact Width, sample dimensions are: total 
metalliZation thickness (?rst and second layers combined) 
540 nm; and thickness of the ?rst layer: 60 nm. 

[0075] Alternate Metal Stack Embodiment: Copper/Alu 
minum 

[0076] In an alternative embodiment, the bottom metal 
layer can consist of aluminum, or an aluminum alloy, While 
the top metal layer is composed of copper. Optionally, 
barrier and adhesion layers, and possibly liner layers (e.g. 
TiSi2), can be deposited prior to the aluminum layer. This 
provides the advantage of aluminum-plug technology, as 
described above, While using copper Where it is most ame 
nable to damascene processing. 

[0077] Alternate Metal Stack Embodiment: Aluminum 
Extrusion/Copper 
[0078] In a further alternative embodiment, the bottom 
metal layer can consist of copper, While the top metal layer, 
Which is forced into the cavity, is composed of aluminum, or 
an aluminum alloy. This is more preferred for via structures 
rather than contact structures. HoWever, if this Were to be 
used at the contact level, a very good diffusion barrier, such 
as tungsten nitride or titanium silicon nitride, Would, of 
course, be required. 

[0079] Alternate Metal Stack Embodiment: Aluminum 
Re?oW/Copper 
[0080] Alternatively, the cavity can be ?lled initially With 
a layer of copper (eg at least 10 percent of the cavity 
volume, but preferably 30 percent) at a loW temperature (eg 
less than 300 degrees C.), folloWed by the deposition of a top 
aluminum layer at high temperature (eg greater than 350 
degrees C.) to ?ll the remaining volume of the cavity With 
metal. This process uses tWo deposition steps to separately 
optimiZe the metal in the cavity and the metal at the bottom 
of the cavity to accommodate junction spiking consider 
ations and to increase the electromigration resistance in the 
cavity. Of course, if this Were to be used in contact appli 
cations, a diffusion barrier beneath the copper layer, such as 
tungsten nitride or titanium silicon nitride, Would be 
required. 

[0081] According to a disclosed class of innovative 
embodiments, there is provided: A method of forming an 
integrated circuit metalliZation layer Which ?lls an opening 
in an underlying layer, comprising the steps of: (a.) depos 
iting a conductive layer to ?ll at least 10 percent of the 
volume of said opening; depositing a metal layer over 

said conductive layer and the top of said opening; and extruding said metal layer into said opening under high 

pressure. 

[0082] According to another disclosed class of innovative 
embodiments, there is provided: A method of forming an 
integrated circuit metalliZation layer Which ?lls an opening 
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in an underlying layer, comprising the steps of: (a.) depos 
iting a ?rst metal layer to ?ll at least 10 percent of the 
volume of said opening; (b depositing a second metal layer 
having a different composition than said ?rst metal layer 
over said ?rst metal layer and over the top of said opening 
in a separate step; and ?lling said opening With said 
second metal layer. 

[0083] According to another disclosed class of innovative 
embodiments, there is provided: A method of fabricating an 
integrated circuit metalliZation structure, comprising the 
steps of: (a.) conformally depositing a ?rst metal layer 
predominantly comprising aluminum over a dielectric layer 

and partially Within openings in said dielectric layer; depositing a second metal layer predominantly comprising 

aluminum over said ?rst metal layer and the top of said 
openings; and extruding said second metal layer into 
said openings under high pressure; Wherein said ?rst metal 
layer contains a higher fraction of copper atoms than said 
second metal layer. 

[0084] According to another disclosed class of innovative 
embodiments, there is provided: A method of fabricating an 
integrated circuit structure, comprising the steps of: (a.) 
depositing a liner layer consisting of layers of titanium and 
titanium nitride over a dielectric and Within openings in said 
dielectric; depositing a ?rst metal layer predominantly 
comprising aluminum over said liner layer and partially 
Within said openings; depositing a second metal layer 
predominantly comprising aluminum over said ?rst metal 
layer and the tops of said openings; and extruding said 
metal into said openings under high pressure to completely 
?ll said openings; Wherein a depression having a reduced 
volume is formed over said openings. 

[0085] According to another disclosed class of innovative 
embodiments, there is provided: A method of forming an 
integrated circuit metalliZation layer Which ?lls an opening 
in an underlying layer, comprising the steps of: (a.) depos 
iting a metal using a physical vapor deposition process at a 
loW temperature to ?ll at least 10 percent of the volume of 
said opening; depositing said metal at a high tempera 
ture over the top of said opening; and extruding said 
metal into said opening under high pressure to completely 
?ll said opening; Wherein said loW temperature is less than 
tWo-thirds of the melting point of said metal and said high 
temperature is greater than tWo-thirds of the melting point of 
said metal; Wherein a depression having a reduced volume 
is formed over said openings. 

[0086] According to another disclosed class of innovative 
embodiments, there is provided: An integrated circuit con 
tact/via structure, comprising: a metalliZation layer having a 
graded composition extending doWnWardly into openings in 
an interlevel dielectric and also laterally, in patterned stripes, 
across the surface of said dielectric; Wherein portions of said 
metal stack Within said openings have a different average 
composition than portions of said metal stack on the surface 
of said dielectric. 

Modi?cations and Variations 

[0087] As Will be recogniZed by those skilled in the art, the 
innovative concepts described in the present application can 
be modi?ed and varied over a tremendous range of appli 
cations, and accordingly the scope of patented subject matter 
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is not limited by any of the speci?c exemplary teachings 
given, but is only de?ned by the issued claims. 

[0088] It should be noted that the number of layers of 
metalliZation described above does not implicitly limit any 
of the claims, Which can be applied to processes and 
structures With more or feWer layers. 

[0089] Of course, the speci?c deposition methods for the 
metal layers, layer compositions, and layer thicknesses 
given are merely illustrative, and do not by any means 
delimit the scope of the claimed inventions. For example, 
plasma enhanced CVD can be used instead of the CVD of 
the presently preferred embodiment. 

[0090] Similarly, a Wide variety of materials, and of com 
binations of materials, can be used to implement the metal 
layers. For example, the bottom conductive layer can be any 
good conductor (e.g. Al—Cu(0-5 percent), Al—Si(0-5 per 
cent), Al—Ge(0-5 percent), Al—Cu(0-5 percent)-Ge(0-5 
percent), Cu—Sn(0-5 percent), Cu—Mg(0-5 percent), 
Cu—Cr(0-5 percent), Cu—Al(0-5 percent)). (HoWever, tita 
nium is not preferred due to a relatively poor resistivity.) In 
addition, the top metal can be any metal Which is suitable for 
force?ll methods (metals With a sufficiently good combina 
tion of conductivity With softness at acceptable tempera 
tures). 
[0091] The invention can also be adapted to other com 
binations of dielectric materials in the interlevel dielectric. 
For example, phosphosilicates, germanosilicate, arsenosili 
cates or combinations thereof can be used instead of the 
BPSG of the presently preferred embodiment. 

[0092] Similarly, the barrier or liner layer can be com 
posed of other materials, such as: TiAlN, TiSiN, WNx, 
WSiN, TiWN, TaNx, TaSiN, CrN, or CrAlN, instead of the 
TiN of the presently preferred embodiment. 

What is claimed is: 
1. A method of forming an integrated circuit metalliZation 

layer Which ?lls an opening in an underlying layer, com 
prising the steps of: 

(a.) depositing a conductive layer to ?ll at least 10 percent 
of the volume of said opening; 

(b.) depositing a metal layer over said conductive layer 
and the top of said opening; and 

(c.) extruding said metal layer into said opening under 
high pressure. 

2. The method of claim 1, Wherein said conductive layer 
and said metal layer predominantly comprise aluminum. 

3. The method of claim 1, Wherein said opening has a 
height to Width ratio of at least 3:1. 

4. The method of claim 1, further comprising the prelimi 
nary step of conformally depositing an adhesion layer prior 
to said step of depositing said conductive layer. 

5. The method of claim 1, Wherein said conductive layer 
is deposited at a temperature less than 300 degrees C. 

6. The method of claim 1, Wherein said metal layer is 
deposited at a temperature greater than 350 degrees C. 

7. The method of claim 1, Wherein said conductive layer 
is deposited by a chemical vapor deposition process. 

8. The method of claim 1, Wherein said conductive layer 
?lls thirty percent of the volume of said opening. 

9. A product produced by the method of claim 1. 

Jun. 7, 2001 

10. A method of forming an integrated circuit metalliZa 
tion layer Which ?lls an opening in an underlying layer, 
comprising the steps of: 

(a.) depositing a ?rst metal layer to ?ll at least 10 percent 
of the volume of said opening; 

(b.) depositing a second metal layer having a different 
composition than said ?rst metal layer over said ?rst 
metal layer and over the top of said opening in a 
separate step; and 

(c.) ?lling said opening With said second metal layer. 
11. The method of claim 10, Wherein said ?rst metal layer 

consists essentially of copper, and Wherein said second 
metal layer consists essentially of aluminum. 

12. The method of claim 10, Wherein said opening has a 
height to Width ratio of at least 3:1. 

13. The method of claim 10, further comprising the 
preliminary step of conformally depositing an adhesion 
layer prior to said step of depositing said ?rst metal layer. 

14. A method of fabricating an integrated circuit metal 
liZation structure, comprising the steps of: 

(a.) conformally depositing a ?rst metal layer predomi 
nantly comprising aluminum over a dielectric layer and 
partially Within openings in said dielectric layer; 

(b.) depositing a second metal layer predominantly com 
prising aluminum over said ?rst metal layer and the top 
of said openings; and 

(c.) extruding said second metal layer into said openings 
under high pressure; 

Wherein said ?rst metal layer contains a higher fraction of 
copper atoms than said second metal layer. 

15. The method of claim 14, Wherein said opening has a 
height to Width ratio of at least 3:1. 

16. The method of claim 14, Wherein said ?rst metal layer 
?lls thirty percent of the volume of each of said openings. 

17. The method of claim 14, further comprising the 
preliminary step of conformally depositing an adhesion 
layer prior to said step of depositing said ?rst metal layer. 

18. Amethod of fabricating an integrated circuit structure, 
comprising the steps of: 

(a.) depositing a liner layer consisting of layers of tita 
nium and titanium nitride over a dielectric and Within 
openings in said dielectric; 

(b.) depositing a ?rst metal layer predominantly compris 
ing aluminum over said liner layer and partially Within 
said openings; 

(c.) depositing a second metal layer predominantly com 
prising aluminum over said ?rst metal layer and over 
the tops of said openings; and 

(d.) extruding said metal into said openings under high 
pressure to completely ?ll said openings; 

Wherein a depression having a reduced volume is formed 
over said openings. 

19. The method of claim 18, Wherein said opening has a 
height to Width ratio of at least 3:1. 

20. A method of forming an integrated circuit metalliZa 
tion layer Which ?lls an opening in an underlying layer, 
comprising the steps of: 
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(a.) depositing a metal using a physical vapor deposition 
process at a loW temperature to ?ll at least 10 percent 
of the volume of said opening; 

(b.) depositing said metal at a high temperature over the 
top of said opening; and 

c. eXtru 1n sa1 meta into sa1 o en1n un er 1 d‘ g ‘d 1 ' ‘d p ' g d h'gh 

pressure to completely ?ll said opening; 

Wherein said loW temperature is less than tWo-thirds of the 
melting point of said metal and said high temperature 
is greater than tWo-thirds of the melting point of said 
metal; 

Wherein a depression having a reduced volume is formed 
over said openings. 

21. The method of claim 20, Wherein said metal predomi 
nantly comprises aluminum. 

22. The method of claim 20, Wherein said opening has a 
height to Width ratio of at least 3:1. 

23. The method of claim 20, further comprising the 
preliminary step of conformally depositing an adhesion 
layer prior to said step of depositing said metal at a loW 
temperature. 

24. The method of claim 20, Wherein said loW temperature 
is less than 300 degrees C. 

25. The method of claim 20, Wherein said high tempera 
ture is betWeen 350 and 465 degrees C. 
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26. A product produced by the method of claim 20. 
27. An integrated circuit contact/via structure, compris 

ing: 
a metalliZation layer having a graded composition eXtend 

ing doWnWardly into openings in an interlevel dielec 
tric and also laterally, in patterned stripes, across the 
surface of said dielectric; 

Wherein portions of said metal stack Within said openings 
have a different average composition than portions of 
said metal stack on the surface of said dielectric. 

28. The integrated circuit of claim 27, Wherein said 
metalliZation layer comprises a metal layer overlying a ?rst 
metal layer, and Wherein said ?rst metal layer has a higher 
fraction of copper atoms than said second metal layer. 

29. The integrated circuit of claim 27, Wherein said 
metalliZation layer comprises a second metal layer overlying 
a ?rst metal layer, and Wherein said ?rst metal layer pre 
dominantly comprises aluminum, and said second metal 
layer consists essentially of copper. 

30. The integrated circuit of claim 27, Wherein said 
opening has a height to Width ratio of at least 3:1. 

31. The integrated circuit of claim 27, further comprising 
an adhesion layer beloW said metal stack, Within said 
openings and across the surface of said dielectric. 

* * * * * 


