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In modern sub-micron technologies With aggressive design 
rules, it is not always possible to have complete overlap of 
conductive lines With underlying vias. A process for manu 
facturing a semiconductor device having metal intercon 
nects reduces or eliminates the recessing of metal in the vias, 
particularly When the metal in the vias is aluminum or an 
aluminum alloy. By manipulating the etch chemistry so that 

(21) APPL NO; 09 /775’370 the etch rates of the aluminum alloy, the surrounding barrier 
metals, and the dielectric are comparable, it is possible to 

(22) Filed; Feb 1, 2001 perform the metal over etch Without forming voids in the 
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exposed portion of the via. By eliminating the voids, thin 
ning of the vias due to the presence of recesses is minimized, 
and electrical connections are less susceptible to electromi 
gration. Consequently, device yield and reliability are 
increased. 
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OPTIMIZED METAL ETCH PROCESS TO ENABLE 
THE USE OF ALUMINUM PLUGS 

FIELD OF INVENTION 

[0001] The present invention is generally directed to the 
manufacture of a semiconductor device. In particular, the 
present invention relates to prevention of the formation of 
voids in metal plugs that connect metal interconnect lines at 
different levels. 

BACKGROUND OF INVENTION 

[0002] Over the last feW decades, the electronics industry 
has developed semiconductor technology to fabricate small, 
highly integrated electronic devices. Many semiconductor 
devices are noW formed by vertical stacking of device 
layers, including multiple layers of conductive lines With 
interconnects betWeen layers. As these devices become 
smaller, there is a need for increasingly narroW conductive 
lines and interconnects to form circuit pathWays Within these 
devices. These conductive lines and interconnects are typi 
cally formed using metals, including, for example, alumi 
num, tungsten, and copper. 

[0003] In a multilevel architecture, layers of metal con 
ductive lines Which de?ne circuit pathWays are separated 
from each other by interlevel dielectrics. In a typical pro 
cess, a ?rst metal layer is deposited and patterned to form a 
?rst set of conductive lines. Deposition of a dielectric layer 
over the ?rst set of conductive lines folloWs. Vias are etched 
through the dielectric layer to the underlying conductive 
lines and then ?lled With metal to establish interlayer 
conduction. In conventional processing methods, the metal 
typically extends beyond the vias When deposited. This 
excess metal is removed by, for example, chemical-me 
chanical polishing or etch back. A second metal layer may 
then be formed over the dielectric layer and patterned into a 
second set of conductive lines. 

[0004] With current aggressive design rules, it is not 
alWays possible to have complete overlap of conductive 
lines With underlying metal-?lled vias. This typically leaves 
at least a portion of the metal-?lled vias exposed during the 
etch process in Which the second set of conductive lines is 
patterned. Arecess in the exposed portion of the metal-?lled 
vias may be formed during this process. For example, if an 
aluminum conductive line is formed over the metal-?lled via 
and the aluminum conductive line does not completely 
overlap the underlying metal-?lled via, it is possible that a 
portion of metal-?lled the via may be etched during the 
formation of the conductive lines. This recessing can lead to 
electromigration failure. Furthermore, recesses in the vias 
may trap chemicals or gases during subsequent processing 
steps. These chemicals and gases may lead to device deg 
radation over time. In addition, the effective thinning of the 
via due to the presence of the recess increases the current 
density through that portion of the via Which may lead to 
local overheating and electromigration. The conductive line 
formation typically includes one or more metal etching 
steps. 

[0005] In an example process using a 248 nm deep ultra 
violet stepper, the expected misalignment of the metal mask 
to the via mask is less than 0.08 pm. A design rule alloWing 
no metal-to-via overlap Will result in at most 0.08 pm of the 
aluminum alloy plug being exposed. During metal over etch, 
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for a 0.3 pm diameter via, the maximum Al plug cross 
sectional area removed may be 21%. Thus, in the above 
example, up to one fourth of the via may be susceptible to 
recessing. 

[0006] Tungsten is used to ?ll the vias in order to reduce 
the recess formed during subsequent processing steps. Tung 
sten-?lled vias provide adequate selectivity during metal 
etching steps. HoWever, the presence of tungsten in the path 
of current How may lead to ?ux divergence in the metal lines 
at the tungsten/metal interfaces, thereby degrading the elec 
tromigration resistance. 

[0007] To address this issue, aluminum, and aluminum 
alloys have been suggested for incorporation in the vias. In 
addition to reducing via resistance, aluminum vias may also 
shoW better electromigration resistance. The use of alumi 
num in vias is expected to become more important as the 
device dimensions become smaller. Conventional tech 
niques include ?lling the vias With tungsten or aluminum, 
polishing or etching back the tungsten or aluminum to 
remove excess deposits outside of the via, and then depos 
iting a second metal layer for making the conductive lines. 

[0008] When aluminum is incorporated in the vias, a 
conventional metal etch technique cannot be used to form 
the conductive line, that are also typically aluminum, 
because the aluminum in the vias may be exposed to metal 
etchants Which may create recessing in the vias. 

[0009] One technique for reducing or eliminating the 
recessing of metal in the vias, particularly When the vias are 
formed using aluminum or an alloy thereof, involves ?rst 
forming a via in a device layer of a semiconductor device, 
and then forming a barrier layer over the device layer. This 
barrier layer generally conforms to the underlying surface 
topology of the device layer. FolloWing that, a metal layer is 
formed over the barrier layer; it also ?lls the via to form a 
via structure. A portion of the metal layer is removed. The 
remaining portion of the metal layer forms a conductive 
structure having a sideWall extending from a surface of the 
barrier layer. Next, a spacer is formed along the sideWall of 
the conductive structure. A portion of the barrier layer is 
removed using the spacer to protect a portion of the metal 
via structure adjacent the surface of the device layer. Con 
sequently, the recessing is reduced or eliminated. 

[0010] While the above technique adequately reduces or 
eliminates the recessing of metals for some applications, 
there is an ongoing need to further reduce processing and 
costs, and adverse impacts upon device yield. The present 
invention addresses the above-mentioned need and provides 
an improved method to prevent the formation of recesses in 
metal-?lled vias. 

SUMMARY OF INVENTION 

[0011] The present invention is exempli?ed in a number of 
implementations, a number of Which are summariZed beloW. 
According to one embodiment, a method for making a 
semiconductor device having aluminum alloy lines over 
aluminum alloy plugs comprises the steps of forming a ?rst 
metal layer, forming a dielectric layer over the ?rst metal 
layer. FolloWing that, a via is de?ned in the dielectric layer 
that has suf?cient depth to expose the ?rst metal layer. Next, 
the method forms an aluminum alloy plug in the via. Upon 
the via, a second metal layer is formed. With a ?rst etch 
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chemistry, the second metal layer is etched. After the second 
metal layer is etched, a second etch chemistry is used such 
that the etch rate of the second metal and any exposed 
dielectric are comparable. Lastly, the second metal layer is 
over etched. 

[0012] According to another embodiment, the method for 
making a semiconductor device having aluminum alloy lines 
over aluminum alloy plugs Without forming plug recesses 
further includes a process to assure that any portion of the 
aluminum alloy plug not covered by the second metal layer 
is etched substantially ?ush With the surrounding dielectric. 

[0013] In another embodiment, the ?rst metal layer and 
second metal layer are built With aluminum alloys coupled 
With barrier layers. 

[0014] In yet another embodiment, the etching of the 
second metal uses a chlorine-based chemistry and the chang 
ing of the etch chemistry involves the use of ?uorine-based 
chemistry. 
[0015] The above summary of the present invention is not 
intended to represent each disclosed embodiment, or every 
aspect, of the present invention. Other aspects and eXample 
embodiments are provided in the ?gures and the detailed 
description that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0017] FIG. 1A is a cross-sectional vieW of an eXample 
semiconductor structure in Which a second metal layer fully 
covers a tungsten plug interconnect to a ?rst metal; 

[0018] FIG. 1B is a cross-sectional vieW of a semicon 
ductor structure in Which the second metal layer does not 
fully cover the tungsten plug interconnect; 

[0019] FIG. 1C is a cross-sectional vieW of an eXample 
semiconductor structure in Which a recess has been formed 
in an eXposed Al plug; 

[0020] FIG. 2A shoWs in cross-section an eXample pro 
cess according to the present invention in Which the Al alloy 
is deposited to ?ll the via and form a second metal layer in 
a single process step, an anti-re?ection coating is applied 
thereon in preparation for the second metal layer masking; 

[0021] FIG. 2B shoWs in a cross-section the unmasked 
areas of FIG. 2A etched aWay; 

[0022] FIG. 2C shoWs in a cross-section the structure of 
FIG. 2B after mask strip; 

[0023] FIG. 2D illustrates in a cross-section the structure 
after an Al plug etch process according to the present 
invention; 
[0024] FIG. 3 outlines an aluminum plug process accord 
ing the present invention; and 

[0025] FIG. 4 depicts a process recipe according to one 
eXample embodiment of the present invention. 

[0026] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof, have been shoWn by Way of eXample in the draW 
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ings and Will herein be described in detail. It should be 
understood, hoWever, that it is not intended to limit the 
invention to the particular forms disclosed; but on the 
contrary, the intention is to cover all modi?cations, equiva 
lents, and alternatives falling Within the spirit and scope of 
the invention as de?ned by the appended claims. 

DETAILED DESCRIPTION 

[0027] Many deep sub-micron processes use Tungsten 
(W) to form a conductive plug betWeen aluminum-based 
metal interconnect levels. In an eXample conventional 
process, a goal is to have accurate alignment betWeen 
conductive lines in the ?rst metal layer, the plug, and the 
conductive lines in the second metal layer and all layers 
thereafter. HoWever, process variations often result in mis 
alignment betWeen the layers. Consequently, the second 
metal layer may only partially cover the W plug. As men 
tioned earlier, tungsten-?lled plugs provide adequate selec 
tivity during the Al metal etching steps, but there is a tradeoff 
betWeen possible degradation betWeen the tungsten/metal 
interface and the etch selectivity. 

[0028] Referring to FIG. 1A, in a device layer 105 on top 
of a substrate 100, there is a ?rst metal layer 110, a second 
metal layer 130 and a via 120. The second metal layer 130 
completely covers the via 120 Which is ?lled With tungsten 
(W) to form a W plug 125. Many deep sub-micron processes 
use tungsten to form conductive plugs betWeen tWo alumi 
num-based metal inter-connect levels. 

[0029] If the second metal layer 130 does not completely 
cover the W plug 125, the structure depicted in FIG. 1B 
results. Where aggressive design rules are used in many 
modem processes, backend structures may necessitate the 
use of via and metal structures that do not alWays alloW for 
complete overlap of metal lines over underlying plug. 

[0030] Aluminum plugs possess several advantages over 
tungsten plugs. In particular, Al plugs offer superior elec 
tromigration (EM) resistance, loWer via resistance, and a 
simpler process. HoWever, Al is more susceptible to over 
etch that W, and the over etching of an aluminum-based plug 
may result in a void in the plug. 

[0031] Referring to FIG. 1C, the second metal layer 130 
does not cover the Al. Etch of the Al-alloy second metal may 
create a recess 140 in the Al plug 120a. 

[0032] The above ?gures present only a simpli?ed vieW of 
the result that may be expected in using an aluminum-based 
plug process. Also the process is not limited to just a tWo 
layer metal system, it can readily be applied to the inter 
connects betWeen a third, fourth or nth layer metal or 
stacked via/metal chains, as Well. 

[0033] According to an eXample embodiment of the 
present invention, a process is provided for reducing the 
incidence of recesses in aluminum-based plugs. After form 
ing the conductive lines of the ?rst metal level, a dielectric 
layer is deposited over the ?rst metal level. NeXt, a via of 
suf?cient depth to eXpose a portion of a selected conductive 
line, is opened in the dielectric layer. Instead of tungsten, the 
process uses aluminum alloy to ?ll the via and a conductive 
line is formed near the Al plug. A second metal layer is 
formed over the dielectric layer. With a ?rst selected chem 
istry, the second metal layer is etched and a conductive line 
is formed near the Al plug. As explained above, the con 
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ductive line of the second metal level may not completely 
cover the Al plug. After the ?rst phase of etching, the 
chemistry is adjusted so that the etch rate for the second 
metal layer and the exposed dielectric layer are similar. The 
etching resumes as an “over-etch” to clear out aluminum 
alloy residue that my be present on the dielectric layer. Any 
portion of the aluminum plug not covered by the second 
metal layer is etched and the adjusted chemistry results in 
the plug being etched substantially ?ush With the surround 
ing dielectric. 

[0034] Referring to FIG. 2A, an example process for 
building Al metal interconnect begins by forming an 
example via 220 above a conductive line 210 in a device 
layer 230 of a semiconductor device 200. 

[0035] The device layer 230 includes a dielectric material. 
Examples of dielectric materials include silicon dioxide, 
silicon oxynitride, silicon oxy?uoride, silicon nitride, other 
oxides and nitrides, amorphous carbon, spin-on glasses (e.g., 
silicates, siloxanes, hydrogen silsesquioxane, and alkyl sils 
esquioxanes), polymers (e.g., polyimides and ?uoropoly 
mers), and other non-conductive materials. 

[0036] It Will be appreciated that the via 220 may be 
utiliZed in other types of layers in an integrated circuit. The 
via 220 may be formed by a variety of techniques. Examples 
of suitable techniques include etching processes, such as, 
Wet etching, dry etching, and plasma etching. Plasma etch 
ing techniques are particularly useful because the etch rate 
is higher in the vertical direction than the horiZontal direc 
tion (an anisotropic etch). These techniques are Well known 
for forming via 220 or other trench-like structures in a 
semiconductor device 200. 

[0037] One example process includes applying a photo 
resist over the device layer 230 and patterning the photore 
sist according to the desired via pattern. Material from the 
device layer 230 is removed by, for example, an anisotropic 
plasma etch, to form the via 220. The particular etchant used 
typically depends on the material of the device layer 230 and 
the etching process. 

[0038] In the example structure 200, a conductive line 210 
is formed prior to the device layer 230. The via 220 connects 
conductive line 210 to conductive lines in another metal 
layer. Thus, the via 220 typically extends through the device 
layer 230 to the underlying conductive line 210. An example 
via 220 has a diameter of, approximately 0.2 pm to 2.5 pm; 
hoWever, vias of other siZes may also be used. Example vias 
also have a cylindrical or rectangular cross-section, hoW 
ever, other cross-sections, such as a square, or ovoid, may be 
suitable. The height of the vias varies depending on the 
thickness of the device layer 230 and the height of the 
underlying conductive lines. In an example embodiment, 
this height may be approximately 0.3 pm to 5.0 pm. Other 
heights may also be used. 

[0039] After formation of the vias 220, a barrier layer 235 
is formed over the surface of the device layer 230, as Well 
as over the sideWalls and on the bottom surface of the vias 
220. The barrier layer 235 is generally used to protect the 
device layer from interaction With a subsequently deposited 
metal layer 240. Such interaction may include, for example, 
chemical reactions betWeen the device layer 230 and the 
metal layer 240, as Well as diffusion of metal atoms from the 
metal layer 240 into the device layer 230. In addition, the 

Aug. 9, 2001 

barrier layer 235 provides an easily Wetted surface for the 
metal layer 240 that may improve the ?lling of the vias 220 
With the metal layer 240. Also, the barrier layer 235 may 
improve the adhesion betWeen the device layer 230 and the 
metal layer 240, as Well as the grain structure of the metal 
layer 240. A variety of materials may be used to form the 
barrier layer 235. For example, titanium, titanium nitride 
(TiN), tantalum, tantalum nitride, tungsten nitride, molyb 
denum, molybdenum nitride, or various combinations 
thereof are commonly used materials for use in forming the 
barrier layer 235. Other materials that are compatible With 
the device layer 230 and metal layer 240 may also be used. 
The barrier layer 235 is often formed using a material Which 
is conductive; although typically the material of the barrier 
layer 235 is not as conductive as the material of the metal 
layer 240. A conductive barrier layer 235 can carry current 
for damaged metal in the via 220. 

[0040] The thickness of the barrier layer 235 may vary 
over a Wide range. Typical values for the thickness of the 
barrier layer 235 range from approximately 50 A to 1000 A. 

[0041] In other embodiments, one or more additional 
layers may be formed betWeen the barrier layer 235 and the 
device layer 230. Such layers may include, for example, 
passivation layers or layers Which provide structural support 
for the subsequently deposited layers. 

[0042] Referring back to FIG. 2A, a metal layer 240 is 
formed over the barrier layer 235. The metal layer 240 also 
?lls via 220 to form via structure 225. The metal layer 240 
formed over the barrier layer 235 and Within via 220 may be 
formed in a single step. Alternatively, the via 220 may ?rst 
be ?lled With a metal material and then, using the same or 
different formation conditions (e.g., deposition rate or tem 
perature), the metal layer 240 may be formed over the 
barrier layer 235. 

[0043] The metal layer 240 may be formed using a variety 
of materials. Examples of suitable materials for the metal 
layer 240 include metals and alloys, such as, for example, 
aluminum, copper, tungsten, or aluminum/copper alloys. 
Other conductive metals and alloys may also be used. 

[0044] The metal layer 240 may be formed using a variety 
of techniques. Examples of suitable techniques include cold 
or hot physical vapor deposition (PVD), sequential chemical 
vapor deposition (SCVD), CVD/PVD, loW pressure PVD, 
and PVD folloWed by high pressure and/or high temperature 
re-?oW to ?ll the vias 220. The metal layer 240 has a 
thickness of, for example, 2000 A to 10,000 A (above the 
device layer 230). One advantage to this process is that the 
metal that ?lls the via 220 and the metal Which forms the 
conductive lines above the via may be sequentially depos 
ited Without an intervening polishing or etch-back step. This 
may reduce the number of process steps needed to form the 
desired structure. Conventional methods typically separate 
steps, including the intervening polish or etch back step, for 
?lling the via and forming the metal layer. 

[0045] An anti-re?ective coating (ARC) layer 250 is 
formed over the metal layer 240 to reduce the re?ection of 
light during a subsequent photo-lithographic patterning pro 
cess. Metals, such as aluminum, tungsten, and copper, 
typically have a relatively high re?ectivity. Therefore, it is 
often necessary to provide an ARC layer With reduced 
re?ectivity to reduce the broadening or narroWing of fea 
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tures. For example, in the absence of the ARC layer 250, 
“re?ective notching” occurs When the topography of the 
underlying surface (e.g., a slope in the topography) causes 
the re?ection of light at angles that are not perpendicular to 
the surface of the photo-resist. The ARC layer 250 may also 
protect the metal layer 240 during subsequent processing 
steps, as Well as provide a barrier betWeen the metal layer 
240 and subsequently deposited layers, such as a dielectric 
layer. In addition, the ARC layer may enhance adhesion of 
subsequently deposited dielectric layers. Materials suitable 
for the ARC layer 250, typically have loW re?ectivity of 
light for the Wavelength range used to form the pattern. 
Therefore, the particular materials useful for forming the 
ARC layer 250 depend on the siZe of the features and the 
design rules. For 0.25 pm design rules, titanium nitride is a 
useful material for the ARC layer 250. Other suitable or 
additional materials for the ARC layer 250 include, for 
example, silicon oxynitride, silicon nitride, silicon dioxide, 
and organic ARC materials. Although the ARC material may 
be nonconductive, it may be often desirable to use a con 
ductive ARC. OtherWise, the ARC material needs to be 
removed, at least in via locations, to alloW connection 
betWeen the structure 255 formed from the metal layer 240 
and subsequently formed interconnects or contacts. 

[0046] The thickness of the example ARC layer 250 is 
about 200 A to 3000 Often, the ARC layer 250 has an 
increased thickness (an additional 50 A to 1000 relative 
to a similar ARC layer used in conventional techniques 
because later processing steps typically remove portions of 
the ARC layer 250, as described beloW. 

[0047] In some embodiments, an ARC layer 250 is not 
formed, particularly if the siZe of the device features is not 
critical or if the re?ectivity of the metal layer 240 is 
otherWise controlled. In these embodiments, the thickness of 
the metal layer 240 may be increased by 50 A to 1000 A 
because subsequent processing steps may remove additional 
portions of the metal layer 240. 

[0048] After the formation of the ARC layer 250, a pho 
toresist layer (not shoWn) is formed over the ARC layer 250 
(or metal layer 240, if an ARC layer is not used). The 
photoresist layer is patterned leaving portions 215, as shoWn 
in FIG. 2A. 

[0049] Referring noW to FIG. 2B, a portion of the metal 
layer 240 and ARC layer 250 are removed according to the 
pattern formed by portions of 215 of the photoresist layer. 
The removal of the portion of the metal layer 240 and the 
ARC layer 250 may be accomplished by a variety of 
techniques, including, for example, Wet etching, dry etching, 
and plasma etching. It may be desirable to use an anisotropic 
etching technique, such as dry plasma etching, to leave 
relatively straight sideWalls. Typically, the removal of the 
portions of the metal layer 240 and ARC layer 250 continues 
until the barrier layer 235 is exposed. In some embodiments. 
The removal process continues until all or nearly all the 
barrier layer 235 betWeen the remaining portions 255 of the 
metal layer 240 and ARC layer 250 is exposed. In these 
embodiments, the barrier layer 235 may be treated as an etch 
stop so that an end of the removal process is indicated When 
a threshold amount of the material of the barrier layer 235 
is detected. 

[0050] The photoresist portion 215 (FIG. 2B) is subse 
quently removed, as shoWn in FIG. 2C. Removal of the 
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photoresist layer may be accomplished by a variety of 
techniques including, for example, selective etching or ash 
ing (particularly if the photoresist layer is made using an 
organic photoresist). The remaining portions 255 of the 
metal layer 240 and the ARC layer 250 form conductive 
structures 255 that may be used as conductive lines or vias. 
If an anisotropic etching technique is used to remove the 
portion of the metal layer 108 and the ARC layer 250, then 
the sideWalls of the conductive structures 255 may be 
covered by a protective layer formed during the etching 
process. This protective layer may include polymers formed 
by the etchant material. The protective layer can often be 
removed during an ashing process or by a solvent strip 
process. 

[0051] As illustrated in FIG. 2C, the conductive structures 
255 may or may not be completely aligned With the under 
lying via structures 225. It is the portion of the via structure 
225 that is not completely covered by the conductive struc 
ture 255 that is particularly susceptible to recess formation 
during subsequent processing in conventional fabrication 
processes. 

[0052] Referring to FIG. 2D, according to one embodi 
ment of the present invention, to prevent recess formation in 
the non-overlapping portions of the via structures during the 
over etch process of the aluminum alloy metal lines, an 
example process 400 as outlined in FIG. 3 may be folloWed. 

[0053] After the bulk etch 410 of the aluminum lines is 
completed and the photoresist is stripped off, a structure 
such as shoWn in FIG. 20 results. However, to “clean” up the 
metal lines, an over-etching is required. The user adjusts the 
etch chemistry 420 to etch all the exposed materials at the 
same rate during the metal over-etch 430. For example, 
etching the aluminum, titanium, and oxide ?lms at 1:111 
selectivity assures that the surrounding oxide etches at the 
same rate as that of the aluminum or other metal residues. 
Thus, as depicted in FIG. 2D, no recess or void Will form in 
the plug 220. 

[0054] A chlorine-based chemistry (e.g., C12, BCl3, HCl, 
etc), can be used With the present invention to etch alumi 
num and titanium. With this chemistry, dielectric oxide 
usually has a loWer etch rate, so that the selectivity ratio of 
Al:oxide or Ti:oxide is about 5:1. In order to increase the 
oxide etch rate to obtain a 1:1:1 selectivity ratio among Al, 
Ti, and oxide, a ?uorine-containing gas such as SP6 or CF4 
can be added. Also, other process adjustments can be made, 
such as the pressure, RF poWer, gas ?oW rates, etc. 

[0055] While ?uorine-based plasmas etch oxide, they do 
not signi?cantly etch Al and Ti under normal conditions. 
According to an example process, the amount of SF6 or CF4 
can be adjusted to realiZe the 11111 selectivity. At the end of 
the over etch process, With this selectivity, the aluminum 
alloy lines Will be formed With no plug recess as shoWn in 
FIG. 2D. 

[0056] In another embodiment according to the present 
invention, the depth of etch into the exposed plug can be 
further minimiZed by reducing the required over etch. For 
example, a reduced-Aspect Ratio Dependent Etch (ARDE) 
chemistry by the addition of Ar/CHF3 to the bulk Al etch 
step, reduces the extra over etch time needed to remove 
metal in narroW spaces. Another example reduced ARDE 
chemistry that may be used is N2/Cl2. By using a reduced 
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ARDE process, the etch rate does not depend so much on the 
space Width between the metal lines. 

[0057] In yet another embodiment according to the present 
invention, another approach is modify the Al etch step to 
achieve higher selectivity (up to 5:1) to the barrier metal, for 
example, Ti. While Ti protects the oxide, most of the Al 
over-etch may be accomplished. Extending the concept 
further, adding ?lms such as TiW to the barrier layer makes 
is possible to achieve an Al:TiW selectivity in the range of 
10-15:1. With such a process, the plasma is not acting upon 
the oxide for as long a period. Consequently, the oxide loss 
for a 5000 A for an Al ?lm is reduced to approximately 500 
A to 1000 A. 

[0058] FIG. 4 is an example process according the present 
invention. Step 01 begins With loading Wafers into an 
etching chamber; the chamber is pumped doWn vacuum 
conditions. The electrode temperature is maintained at 50° 
C. and the chamber temperature is maintained at about 60° 
C. throughout the process. Approximately 30 seconds are 
required to achieve a stable vacuum. Going to Step 02, the 
species of etchant gases, BCl3 and Cl2 are introduced into the 
chamber at a How rate of 40 standard cubic centimeters per 
minute (sccm), and the chamber pressure is held to 10 mT. 
Approximately 30 seconds is needed to stabiliZe the ?oW. 

[0059] The etching process begins at Step 03 for a “TiN & 
AlCu Bulk” etch. For about 24 seconds at a “Top-RF” poWer 
of 360 Watts and “Bottom-RF” poWer of 100 Watts, the 
Wafers are plasma etched With the BCl3 and Cl2 combina 
tion. Moving on to Step 04, the “AlCu Endpoint” etch is 
done for about 50 seconds With a trigger point of 90%, the 
“Bottom-RF” poWer is increased to 225 W. Copper residue 
left after the AlCu Endpoint etch is removed in the “Copper 
Residue” etch of Step 05, hoWever the etchant species are 
adjust to 50 sccm for the BCl3 and 30 sccm for Cl2 for 5 
seconds. 

[0060] The “Ti & 1:1:1 Over-etch” is done at Step 06. SF6 
is introduced at a How rate of 20 sccm, BCl3 and Cl2 
continue to How at 50 sccm and 30 sccm, respectively. About 
50 seconds are required to perform the over etch step. The 
process completes at Step 07 and Step 08 When the etchant 
gases and RF poWer are sWitched off, and the system pumps 
doWn to vacuum. Finally, Wafers are removed from the 
plasma etching apparatus further processing. 

[0061] While the present invention has been described 
With reference to several particular example embodiments, 
those skilled in the art Will recogniZe that many changes may 
be made thereto Without departing from the spirit and scope 
of the present invention, Which is set forth in the folloWing 
claims. 

What is claimed: 
1. A method of making a semiconductor device having 

aluminum alloy lines over aluminum alloy plugs Without 
forming plug recesses comprising: 

forming a ?rst metal layer on a substrate; 

forming a dielectric layer over the ?rst metal layer; 

de?ning a via in the dielectric layer of sufficient depth to 
expose the ?rst metal layer; 

forming an aluminum alloy plug in the via; 
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forming a second metal layer over the aluminum alloy 
plug; 

etching the second metal layer With a ?rst etch chemistry; 

changing to a second etch chemistry, Wherein the etch 
rates of the second metal layer and the exposed dielec 
tric layer, as provided by the second etch chemistry are 
approximately equal; and 

over etching the second metal layer using the second etch 
chemistry. 

2. The method as recited in claim 1 Wherein over etching 
the second metal layer comprises etching a portion of the 
aluminum plug, not covered by the second metal layer, 
substantially ?ush With the surrounding dielectric. 

3. The method as recited in claim 1 Wherein the ?rst etch 
chemistry comprises a chlorine-based chemistry and the 
second etch chemistry comprises a ?uorine-based chemistry. 

4. The method as recited in claim 1 Wherein the ?rst etch 
chemistry is selected from the group of HCl, Cl2 and BCl3 
and the second etch chemistry is selected from the group of 
SE6, CF4, CHF3, and CZFG. 

5. The method as recited in claim 1 Wherein the second 
etch chemistry has a selectivity ratio of 1:1 for the aluminum 
alloy and the dielectric. 

6. The method of claim 1 Wherein the ?rst etch chemistry 
comprises a chemistry selected from the group of HCl, Cl2 
and BCl3 combined With at least one gas from the group of 
N2, Ar and CHF3. 

7. A method of making a semiconductor device having 
aluminum alloy lines over aluminum alloy plugs Without 
forming plug recesses comprising: 

forming a ?rst metal layer on a substrate; 

forming a dielectric layer over the ?rst metal layer; 

de?ning a via in the dielectric layer of suf?cient depth to 
expose the ?rst metal layer; 

depositing a barrier layer substantially conforming to the 
via; 

forming an aluminum alloy plug in the via and; 

forming a second metal layer over the aluminum alloy 
plug; 

etching the second metal layer With a ?rst etch chemistry; 

changing to a second etch chemistry, Wherein the etch 
rates of the second metal layer, the exposed dielectric 
layer, and the barrier layer, as provided by the second 
etch chemistry are approximately equal; and 

over etching the second metal layer using the second etch 
chemistry. 

8. The method as recited in claim 1 Wherein over etching 
the second metal layer comprises etching portions of the 
aluminum plug and barrier layer, not covered by the second 
metal layer, substantially ?ush With the surrounding dielec 
tric. 

9. The method as recited in claim 7 Wherein the second 
etch chemistry has a selectivity ratio of 1:1:1 for the alu 
minum alloy, barrier metal, and the dielectric. 

10. The method as recited in claim 7 Wherein the ?rst 
metal layer and the second metal layer comprise aluminum 
alloys electrically coupled With the barrier layer. 
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11. The method of claim 7 wherein the ?rst etch chemistry 
comprises a chemistry selected from the group of HCl, Cl2 
and BCl3 

12. The method of claim 7 Wherein the ?rst etch chemistry 
comprises a chemistry selected from the group of HCl, Cl2 
and BCl3 combined With at least one gas from the group of 
N2, Ar and CHF3 

13. The method of claim 7 Wherein the barrier layer is 
comprised of a metal selected from the group of titanium, 
tantalum, tungsten, and molybdenum. 

14. A method of making a semiconductor device having 
aluminum alloy lines over aluminum alloy plugs Without 
forming plug recesses comprising: 

forming a ?rst metal layer; 

forming a dielectric layer over the ?rst metal layer; 

de?ning a via in the dielectric layer of sufficient depth to 
eXpose the ?rst metal layer; 

forming an aluminum alloy plug in the via; 

forming a second metal layer; 

etching the second metal layer With a ?rst etch chemistry 
selected from the group of HCl, Cl2 and BCl3; 

changing the etch chemistry to a second etch chemistry by 
selecting the etch chemistry from the group of SF6 and 
CF4, CHF3, C2136, Wherein the etch rates of the second 
metal layer and the eXposed dielectric layer, as pro 
vided by the second etch chemistry are approximately 
equal; and 

over-etching the second metal layer With the second etch 
chemistry such that a portion of the aluminum plug not 
covered by the second metal layer is etched substan 
tially ?ush With the surrounding dielectric. 

15. A method of etching a semiconductor device having 
aluminum alloy lines over aluminum alloy plugs surrounded 
by a dielectric layer and electrically coupled to a loWer level 
metal layer, comprising: 

placing one or more Wafers inside a plasma etch reactor 

chamber; 

reducing the chamber pressure until vacuum is achieved; 

performing a bulk etch of the aluminum alloy lines and 
aluminum alloy plugs; 

performing an endpoint etch of the aluminum alloy lines 
and aluminum; 

performing a residue etch of the aluminum alloy lines and 
aluminum plugs; 

performing an over-etch of the aluminum alloy lines and 
aluminum alloy plugs Wherein the etch rates of the 
aluminum alloy lines and the dielectric layer, as pro 
vided by the over etch are approximately equal; and 

breaking vacuum so that Wafers can be removed from the 
plasma etch reactor chamber. 

16. The method as recited in claim 15 Wherein the 
aluminum alloy plugs are surrounded by a barrier layer. 

17. The method as recited in claim 16 Wherein performing 
an over-etch of the aluminum alloy lines and aluminum alloy 
plugs comprises etching portions of the aluminum alloy 
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plugs and the barrier layer, not covered by the aluminum 
alloy lines, substantially ?ush With the surrounding dielec 
tric layer. 

18. The method as recited in claim 16 Wherein the barrier 
layer is comprised of a metal selected from the group of 
titanium, tantalum, tungsten, and molybdenum. 

19. A method of etching a semiconductor device having 
aluminum alloy lines over aluminum alloy plugs surrounded 
by a dielectric layer and a barrier layer and electrically 
coupled to a loWer level metal layer, comprising: 

placing one or more Wafers inside a plasma etch reactor 

chamber; 
reducing the chamber pressure until vacuum is achieved; 

performing a bulk etch of the aluminum alloy lines and 
aluminum alloy plugs; 

performing an endpoint etch of the aluminum alloy lines 
and aluminum; 

performing a residue etch of the aluminum alloy lines and 
aluminum plugs; 

performing an over etch of the aluminum alloy lines and 
aluminum alloy plugs Wherein the etch rates of the 
aluminum alloy lines, the dielectric layer and the bar 
rier layer, as provided by the over etch are approxi 
mately equal; and 

breaking vacuum so that Wafers can be removed from the 
plasma etch reactor chamber. 

20. The method as recited in claim 19 Wherein the barrier 
layer is comprised of a metal selected from the group of 
titanium, tantalum, tungsten, and molybdenum. 

21. The method as recited in claim 15 Wherein performing 
the bulk etch of the aluminum alloy lines includes: 

introducing BCl3 and Cl2 at a How rate of about 30 to 40 
sccm for each species and maintaining chamber pres 
sure to a range of about 9 to 12 mT for about 30 

seconds; and 

etching the aluminum alloy lines for about 20 to 28 
seconds at an RF-Top PoWer betWeen 300 and 415 
Watts and an RF-Bottom PoWer betWeen 85 to 115 

Watts; 

Wherein the performing the endpoint etch includes: 

etching for about 42 to 58 seconds at an RF Top PoWer 
betWeen 300 and 415 Watts and an RF Bottom PoWer 
betWeen 190 to 260 Watts until a trigger value of 
indicating AlCu clearing is reached; 

Wherein the performing the residue etch includes: 

changing the BCl3 and Cl2 ?oW rates to a range 43 to 58 
sccm and to a range of 25 to 35 sccm, respectively and 
etching for about 3 to 7 seconds; and 

Wherein performing the over etch includes: 

introducing SF6 at a How rate of 17 to 23 sccm and etching 
for about 43 to 58 seconds. 

22. The method as recited in claim 19 Wherein performing 
the bulk etch of the aluminum alloy lines includes: 

introducing BCl3 and Cl2 at a How rate of about 30 to 40 
sccm for each species and maintaining chamber pres 
sure to a range of about 9 to 12 mT for about 30 

seconds; and 
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performing a TiN and AlCu bulk etch for about 20 to 28 
seconds at an RF-Top Power between 300 and 415 
Watts and an RF-Bottom Power betWeen 85 to 115 

Watts; 

Wherein the performing the endpoint etch includes: 

performing an AlCu endpoint etch for about 42 to 58 
seconds at an RF Top PoWer betWeen 300 and 415 
Watts and an RF Bottom PoWer betWeen 190 to 260 
Watts until a trigger value of indicating AlCu clearing 
is reached; 

Wherein the performing the residue etch includes: 

changing the BCl3 and Cl2 flow rates to a range 43 to 58 
sccm and to a range of 25 to 35 sccm, respectively and 
performing a copper residue etch for about 3 to 7 
seconds; and 

Wherein performing the over-etch includes: 

introducing SF6 at a flow rate of 17 to 23 sccm and 
performing a Ti+ 1:1:1 over etch for about 43 to 58 
seconds. 

23. A method of etching a semiconductor device after the 
formation of aluminum alloy lines over aluminum alloy 
plugs coupled to a loWer level metal layer Without forming 
plug recesses comprising: 

placing one or more Wafers inside a plasma etch reactor 

chamber; 
reducing the chamber pressure until vacuum is achieved; 

introducing BCl3 and Cl2 at a flow rate of about 30 to 40 
sccm for each species and maintaining chamber pres 
sure to a range about 9 to 12 mT for about 30 seconds; 
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performing a TiN and AlCu bulk etch for about 20 to 28 
seconds at an RF-Top PoWer betWeen 300 and 415 
Watts and an RF-Bottom PoWer betWeen 85 to 115 

Watts; 

performing an AlCu endpoint etch for about 42 to 58 
seconds at an RF Top PoWer betWeen 300 and 415 
Watts and an RF Bottom PoWer betWeen 190 to 260 
Watts until a trigger value of indicating AlCu clearing 
is reached; 

changing the BCl3 and Cl2 flow rates to a range 43 to 58 
sccm and to a range of 25 to 35 sccm, respectively and 
performing a copper residue etch for about 3 to 7 

seconds; 

introducing SF6 at a flow rate of 17 to 23 sccm and 
performing a Ti+ 1:1:1 over-etch for about 43 to 58 

seconds; and 

shutting off the How of etchant gases and alloWing cham 
ber to pump doWn to-vacuum; and 

breaking vacuum so that Wafers can be removed from the 
plasma etch reactor chamber. 

24. A semiconductor device manufactured according the 
method of claim 1 

25. A semiconductor device manufactured according to 
the method of claim 7. 

26. A semiconductor device manufactured according the 
method of claim 14 


