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(57) ABSTRACT 

A semiconductor device having metal interconnects pro 
vides for a reduction of the recessing of metal in vias, 
particularly When the metal in the vias is aluminum or an 
aluminum alloy. The device includes a via in a device layer 
of the semiconductor device, a barrier layer formed over the 
device layer, and a metal layer formed over the barrier layer. 
The metal layer also ?lls the via to form a via structure. A 
portion of the metal layer is then removed and a remaining 
portion of the metal layer forms a conductive structure 
having a sidewall extending from a surface of the barrier 
layer. A spacer is formed along the sidewall of the conduc 
tive structure and a portion of the barrier layer is removed 
using the spacer to protect the via structure adjacent the 
surface of the device layer. In particular, the spacer protects 
a portion of the via structure that does not overlap With the 
conductive structure. 



Patent Application Publication Aug. 30, 2001 Sheet 1 0f 10 US 2001/0017416 A1 

109 

FIG. 

#102 
X 

1A 

108 

106 

104 



Patent Application Publication Aug. 30, 2001 Sheet 2 0f 10 US 2001/0017416 A1 

100 

FIG. 1B / 

:::::::::: :::::::::::::/ 1 12 

MW WA 1 1o 

/'— 108 

1 06 

[X X X X >| 
1 O4 

/ 
1 02 /? 

>< 
109 



Patent Application Publication Aug. 30, 2001 Sheet 3 0f 10 

/ FIG. 1C 

114 

US 2001/0017416 A1 

100 

109 

102 



Patent Application Publication Aug. 30, 2001 Sheet 4 0f 10 

FIG. 

US 2001/0017416 A1 

/ 100 

1 1o 

1 16 

1 14 
108 

106 

104 

109 

/ 
102 



Patent Application Publication Aug. 30, 2001 Sheet 5 0f 10 US 2001/0017416 A1 

FIG. 1E 
100 

110 

114 108 

106 

102 104 

AA 



Patent Application Publication Aug. 30, 2001 Sheet 6 0f 10 

FIG. 

118 

114 

109 

102/ 

US 2001/0017416 A1 

100 

/ 
110 

108 

106 104 



Patent Application Publication Aug. 30, 2001 Sheet 7 0f 10 

FIG. 

106 

16 

105 

US 2001/0017416 A1 

/ 100 

109 

m/“o 

114 /108 

107 
/ 104 

L 

1o2/X/ 



Patent Application Publication Aug. 30, 2001 Sheet 8 0f 10 

FIG. 1H / 100 
110 \ 

114 

US 2001/0017416 A1 

, ‘I08 

106 104 

109 

102-“ 



Patent Application Publication Aug. 30, 2001 Sheet 9 0f 10 US 2001/0017416 A1 

FIG. 2 

202 206 



Patent Application Publication Aug. 30, 2001 Sheet 10 0f 10 US 2001/0017416 A1 

FIG. 3 

310 

318 

308 

/—306 304 

302 
/ 

309 / 



US 2001/0017416 A1 

DEVICE HAVING METAL INTERCONNECTS 
WITH REDUCED OR ELIMINATED METAL 

RECESS IN VIAS 

RELATED PATENT DOCUMENTS 

[0001] This is a divisional of Ser. No. 09/035,735, ?led on 
Mar. 5, 1998, (VLSI.089PA) to Which Applicant claims 
priority under 35 U.S.C.§120. 

FIELD OF THE INVENTION 

[0002] The present invention is, in general, directed to a 
semiconductor device having overlapping interconnects, in 
Which the production of recesses in the interconnects is 
prevented or reduced. 

BACKGROUND OF THE INVENTION 

[0003] 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. 

[0004] 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 process 
scheme, a ?rst metal layer is deposited and patterned to form 
a ?rst set of conductive lines. This is folloWed by deposition 
of a dielectric layer over the ?rst set of conductive lines. 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 Which ?lls the vias typically extends beyond the 
via When deposited. This excess metal is removed by, for 
example, chemical-mechanical polishing or etch back. A 
second metal layer may then be formed over the dielectric 
layer and patterned into a second set conductive lines. 

[0005] With current aggressive design rules, it is not 
alWays possible to have complete overlap of conductive 
lines With underlying vias. This typically leaves at least a 
portion of the vias exposed during the etch process in Which 
second set of conductive lines are patterned. A recess in the 
exposed portion of the vias may be formed during this 
process. For example, if an aluminum conductive line is 
formed over the via and the aluminum conductive line does 
not completely overlap the underlying via, then there is a 
possibility that a portion of the via may be etched during the 
formation of the conductive lines, Which typically includes 
one or more metal etching steps. 

[0006] Tungsten is used to ?ll the vias in order to reduce 
the amount of recessing during subsequent processing steps. 
Tungsten-?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 resulting in the 
degradation of the electromigration resistance. 

[0007] To address this issue, aluminum and aluminum 
alloys have been suggested for incorporation in the vias. In 
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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 lines, Which are also typically aluminum, 
because the aluminum in the vias may be exposed to metal 
etchants Which may create recessing in the vias. This recess 
ing 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 degradation 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. 
Thus, there is a need for an improved method for forming 
vias and conductive lines in a semiconductor device to 
prevent the formation of recesses in non-overlapping por 
tions of the via during processing. 

SUMMARY OF THE INVENTION 

[0009] Generally, the present invention relates to a semi 
conductor device having metal interconnects, Where the 
recessing of metal in the vias is reduced or eliminated, 
particularly When the vias are formed using aluminum or an 
aluminum alloy. One example is directed to a semiconductor 
device having a device layer and a via in the device layer. 
Metallic material is disposed in the via. A conductive 
structure is formed over the via and in contact With the 
metallic material. The conductive structure has a sideWall 
extending form the device layer. During processing the 
metallic material in the via is protected by a spacer formed 
on the sideWall of the conductive structure during the 
removal of a portion of a conducting barrier adjacent the via 
and over the device layer. 

[0010] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The Figures and 
the detailed description Which folloW more particularly 
exemplify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 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: 

[0012] FIGS. 1A-1H illustrate, in cross-section, an exem 
plary fabrication process according to one example embodi 
ment of the invention; 

[0013] FIG. 2 is a cross-section of another example 
embodiment of the structure illustrated in FIG. 1A; and 

[0014] FIG. 3 is a cross-section of another example 
embodiment of the process step illustrated in FIG. 1F. 

[0015] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
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shown by Way of example in the drawings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0016] The present invention is believed to be applicable 
to a number of semiconductor devices having metal inter 
connect structures. While the present invention may not be 
so limited, an appreciation of various aspects of the inven 
tion Will be gained through discussion of an exemplary 
fabrication process in connection With the examples pro 
vided beloW. 

[0017] FIGS. 1A-1H illustrate an exemplary process for 
forming metal interconnects. The process begins by forming 
at least one via 102 in a device layer 104 of a semiconductor 
device 100. Typically, the device layer 104 is made from a 
dielectric material. Examples of dielectric materials include 
silicon dioxide, silicon oxynitride, silicon oxy?uoride, sili 
con nitride, other oxides and nitrides, amorphous carbon, 
spin-on glasses (e.g., silicates, siloxanes, hydrogen silses 
quioxane, and alkyl silsesquioxanes), polymers (e.g., poly 
imides and ?uoropolymers), and other non-conductive mate 
rials. The device layer may, hoWever, be any other layer of 
a semiconductor device through Which a via 102 is formed. 

[0018] The vias 102 may be formed by a variety of 
techniques. Examples of a suitable techniques include etch 
ing processes, such as, for example, Wet etching, dry etching 
and plasma etching. Plasma etching techniques are particu 
larly useful because of their anisotropic behavior. These 
techniques are Well knoWn for forming vias 102 or other 
trench-like structures in a semiconductor device 100. One 
example of such a technique includes applying a photoresist 
over the device layer and patterning the photoresist accord 
ing to the desired via pattern. Material from the device layer 
104 may then be removed by, for example, an etching 
process, such as an anisotropic plasma etch, to form the vias 
102. The particular etchant that is used typically depends on 
the material of the device layer 104 and the etching process. 

[0019] Often, a conductive layer (not shoWn) is formed 
prior to the device layer 104. The vias 102 typically connect 
conductive lines (not shoWn) of this underlying conductive 
layer to conductive lines in a metal layer 108 formed over 
the dielectric layer 104, as described beloW. Thus, the vias 
102 typically extend through the device layer 104 to the 
underlying conductive lines. 

[0020] Typical vias 102 have a diameter of, for example, 
0.3 to 2.5 pm, hoWever, vias of other siZes may also be used. 
The vias also typically have a cylindrical or rectangular 
cross-section, hoWever, other cross-sections, including, for 
example, square, or ovoid, may also be used. The length of 
the vias varies depending on the thickness of the device layer 
104 and the height of the underlying conductive lines. In 
some case, this length may be, for example, 0.3 to 5 pm. 
HoWever, vias that are longer or shorter may also be used. 

[0021] After formation of the vias 102, a barrier layer 106 
may be formed over the surface of the device layer 104, as 
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Well as over the sideWalls and on the bottom surface of the 
vias 102. The barrier layer 106 typically protects the device 
layer from interaction With a subsequently deposited metal 
layer 108. Such interaction may include, for example, 
chemical reactions betWeen the device layer 104 and the 
metal layer 108, as Well as diffusion of metal atoms from the 
metal layer 108 into the device layer 104. In addition, by 
providing a more easily Wetted surface for the metal layer 
108, the use of the barrier layer 106 may improve the ?lling 
of the vias 102 by a subsequent metal layer 108, the adhesion 
betWeen the device layer 104 and the subsequently formed 
metal layer 108, and/or the grain structure of the metal layer 
108. 

[0022] A variety of materials may be used to form the 
barrier layer 106. For example, titanium, titanium nitride 
(TiN), tantalum, tantalum nitride, tungsten nitride, or com 
binations thereof are common materials for use in forming 
the barrier layer 106. Other materials Which are compatible 
With the device layer 104 and metal layer 108 may also be 
used. The barrier layer 106 is often formed using a material 
Which is conductive; although typically the material of the 
barrier layer 106 is not as conductive as the material of the 
metal layer 108. If the barrier layer 106 is conductive then 
current can also be carried by the barrier layer 106 if the 
metal layer 108 formed in the vias 102 acting as conductive 
lines should fail. 

[0023] The thickness of the barrier layer 106 may vary 
over a Wide range. Typical values for the thickness of the 
barrier layer 106 range from 50 to 1000 angstroms. 

[0024] One alternative to this structure is illustrated in 
FIG. 2. In this embodiment, the via 202 is formed in the 
device layer 204 subsequent to the formation of the barrier 
layer 206 over the device layer 204. Therefore, in this case, 
the barrier layer 206 is not formed along the sideWalls or the 
bottom surface of the via 202. Subsequent processing for 
this structure is similar to that for the structure depicted in 
FIG. 1A. 

[0025] In another alternative embodiment, one or more 
additional layers may be formed betWeen the barrier layer 
and the device layer. Such layers may include, for example, 
passivation layers or layers Which provide structural support 
for the subsequently deposited layers. 

[0026] Returning to FIG. 1A, a metal layer 108 is formed 
over the barrier layer 106. The metal layer 108 also ?lls the 
via 102 to form a via structure 109. The metal layer 108 
formed over the barrier layer 106 and Within the via 102 may 
be formed in a single step. Alternatively, the via 102 may 
?rst be ?lled With a metal material and then, using the same 
or different formation conditions (e.g., deposition rate or 
temperature), the metal layer 108 may be formed over the 
barrier layer 106. 

[0027] The metal layer 108 may be formed using a variety 
of materials. Examples of suitable materials for the metal 
layer 108 include metals and alloys, such as, for example, 
aluminum, copper, tungsten, or aluminum/copper alloys. 
Other conductive metals and alloys may also be used. 

[0028] The metal layer 108 may be formed using a variety 
of techniques. Examples of suitable techniques include cold 
or hot physical vapor deposition (PVD), sequential CVD/ 
PVD, loW pressure PVD, and PVD folloWed by high pres 
sure and/or high temperature re?oW to ?ll the vias 102. The 
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metal layer 108 has a thickness of, for example, 2000 to 
10,000 angstroms above the device layer 104 and barrier 
layer 106. The thickness of the metal layer 108 over the vias 
Will be correspondingly larger. 

[0029] One advantage to this process is that the metal 
Which ?lls the vias and the metal Which forms the conduc 
tive lines above the vias may be sequentially deposited 
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 require 
that the metal for the vias and the metal for the conductive 
lines over the vias be deposited in different steps With an 
intervening polish or etch-back step. 

[0030] An anti-re?ective coating (ARC) layer 110 is 
formed over the metal layer 108 to reduce the re?ection of 
light during a subsequent photolithographic patterning pro 
cess, described beloW. 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, otherWise the patterned features may be 
excessively broadened or narroWed. For example, in the 
absence of the ARC layer 110, “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 
Which are not perpendicular to the surface of the photoresist. 
The ARC layer 110 may also protect the metal layer 108 
during subsequent processing steps, as Well as provide a 
barrier betWeen the metal layer 108 and subsequently depos 
ited layers, such as a dielectric layer. In addition, the ARC 
layer may enhance adhesion of subsequently deposited 
dielectric layers. 

[0031] Materials suitable for the ARC layer 110 typically 
have loW re?ectivity of light for the Wavelength or Wave 
length range that Will be used to form the pattern. Therefore, 
the particular materials useful for forming the ARC layer 
110 depend on the siZe of the features and the design rules. 
For current 0.25 pm design rules, titanium nitride is a useful 
material for the ARC layer 110. Other suitable materials for 
the ARC layer 110 include, for example, silicon oxynitride, 
silicon nitride, silicon dioxide, and organic ARC materials. 
Although the ARC material may be non-conductive, it is 
often desirable to use a conductive ARC. OtherWise, the 
ARC material Will likely need to be removed to alloW 
connection betWeen the conductive structures 114 (see FIG. 
1C) formed from the metal layer 108 and subsequently 
formed interconnects or contacts. 

[0032] The thickness of the ARC layer 110 is about 200 to 
3000 angstroms. Often, the ARC layer 110 has an increased 
thickness (an additional 50 to 1000 angstroms) relative to a 
similar ARC layer used in conventional techniques because 
later processing steps typically remove portions of the ARC 
layer 110, as described beloW. 

[0033] In some embodiments, an ARC layer 110 is not 
formed, particularly if the siZe of the device features is not 
critical or if the re?ectivity of the metal layer 108 is 
otherWise controlled. In these embodiments, the thickness of 
the metal layer 108 may be increased by 50 to 1000 
angstroms because subsequent processing steps may remove 
additional portions of the metal layer 108. 

[0034] After the formation of the ARC layer 110, a pho 
toresist layer 112 is formed over the ARC layer 110 (or metal 
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layer 108, if an ARC layer is not used). The photoresist layer 
112 is patterned, as shoWn in FIG. 1A, according to a 
desired conductive line or via pattern using, for example, 
photolithographic techniques. Once patterned, a portion of 
the photoresist layer 112 is removed according to the pattern. 

[0035] After the photoresist layer 112 has been patterned, 
a portion of the metal layer 108 and ARC layer 110 may be 
removed according to the pattern, as shoWn in FIG. 1B. The 
removal of the portion of the metal layer 108 and the ARC 
layer 110 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 108 and ARC layer 110 continues until the 
barrier layer 106 is exposed, as shoWn in FIG. 1B. In some 
embodiments, the removal process continues until all or 
nearly all of the barrier layer 106 betWeen the remaining 
portions 114 of the metal layer 108 and ARC layer 110 is 
exposed. In these embodiments, the barrier layer 106 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 106 is detected. 

[0036] The photoresist layer 112 is subsequently removed, 
as shoWn in FIG. 1C. Removal of the photoresist layer 112 
may be accomplished by a variety of techniques including, 
for example, selective etching or ashing (particularly if the 
photoresist layer is made using an organic photoresist). The 
remaining portions of the metal layer 108 and the ARC layer 
110 form conductive structures 114 Which 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 110, then the sideWalls of the conductive struc 
tures 114 may be covered by a protective layer formed 
during the etching process. This protective layer may 
include polymers formed by the etchant material. The pro 
tective layer can often be removed during an ashing process 
or by a solvent strip process. 

[0037] The conductive structures 114 may or may not be 
aligned With the underlying via structures 109, as illustrated 
in FIG. 1C. It is the non-overlapping portions of the via 
structures 109 Which are particularly susceptible to recess 
formation during subsequent processing in conventional 
fabrication processes. 

[0038] To reduce or eliminate recess formation, a spacer 
material 116 is subsequently deposited over the device layer 
104, barrier layer 106, and conductive structures 114, as 
shoWn in FIG. 1D. The spacer material 116 is typically 
formed as a conformal layer over the underlying structures. 
The spacer material 116 may be formed by a variety of 
techniques including chemical vapor deposition (CVD), 
physical vapor deposition, or spin-on techniques. In particu 
lar, CVD is a commonly used method for forming a con 
formal layer over a surface having structure. The spacer 
material 116 may be made using a variety of materials. 
Oxides and nitrides, such as silicon oxide, silicon nitride, 
and silicon oxynitride, are often used as spacer materials 
116. Photoresist compounds may also be a convenient 
spacer material 116 as these compound can be easily formed 
on the structures by a CVD process and easily removed by 
techniques, such as ashing. 

[0039] Typically, the spacer material 116 is formed to a 
thickness Which is at least as large as the expected maximum 
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Width of an exposed portion of the via structure 109 (i.e., the 
portion of the via structure 109 Which does not overlap With 
the conductive structures 114). This maximum Width may 
be, for example, 0.5 pm or less. Therefore, the spacer 
material 116 has a thickness of, for example, 0.1 pm to 0.8 
pm, although larger or smaller thicknesses may also be used. 
An extra thickness of the spacer material 116 may be 
provided to compensate for the removal of portions of the 
spacer material 116 during the formation of one or more 
spacers 118, as described beloW and depicted in FIG. 1E. 
HoWever, the thickness of the spacer is generally limited by 
the minimum spacing betWeen conductive lines. 

[0040] A portion of the spacer material 116 is then 
removed to expose the portions of the barrier layer 106 
betWeen the conductive structures 114 according to the 
pattern and to form spacers 118 along the sideWall of the 
conductive structures 114 that extends from the barrier layer 
106. The spacers 118 protect the sideWall of the conductive 
structures 114 and the exposed portions of the via structures 
109 during subsequent processing. The formation of the 
spacers 118 from the spacer material 116 may be accom 
plished by a variety of techniques including, for example, 
Wet etching, dry etching, or plasma etching. In some 
embodiments, an etchant selective to the barrier layer 106 
and/or device layer 104 is used. Moreover, in some embodi 
ments, anisotropic etching methods are used to reduce 
etching of the spacer material 116 along the sideWalls of the 
conductive structures 114. 

[0041] After formation of the spacers 118, a portion of the 
barrier layer 106, Which is betWeen or adjacent to the 
conductive structures 114 and not covered by the spacers 
118, is removed, as shoWn in FIG. 1F. This electrically 
isolates the conductive structures 114, except at desired 
connecting points according to the pattern. The removal of 
these portions of the barrier layer 106 may be accomplished 
by a variety of techniques including Wet etching, dry etch 
ing, or plasma etching. These techniques may use selective 
etchants to remove the material of the barrier layer 106. In 
some embodiments, the barrier layer 106 is overetched to aid 
in isolating the conductive structures 114 from each other 
(unless a connection is desired). 

[0042] Often this process also removes a portion of the 
ARC layer 110, especially if the ARC layer 110 and the 
barrier layer 106 are made of the same material, such as 
titanium nitride. It may be desirable that at least a portion of 
the ARC layer 110 remains to protect the metal layer 108 
during subsequent processing steps as Well as to enhance 
adhesion betWeen the metal layer 108 and subsequently 
deposited layers. Therefore, the thickness of the ARC layer 
110 may be large enough that at least a portion of the ARC 
layer 110 remains after the removal of the barrier layer 106 
from betWeen the conductive structures 114. In these 
embodiments, the thickness of the ARC layer prior to the 
removal step is, for example, 300 to 5000 angstroms. The 
thickness of the ARC layer after this removal step is, for 
example, 200 to 3000 angstroms. 

[0043] In some embodiments, illustrated in FIG. 3, the 
removal of the barrier layer 306 is alloWed to proceed so that 
those portions of the barrier layer 306 beneath the spacer 
structures 318 are also removed. Aportion of the conductive 
structure Which extends beyond the device layer 304 and 
adjacent to the conductive structures 314 (formed from the 
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metal layer 308 and ARC layer 310) may also be removed 
in this procedure, as depicted by the opening above the ARC 
layer 310 in FIG. 3. 

[0044] Returning to FIGS. 1A-1H, the spacers 118 are 
subsequently removed, as shoWn in FIG. 1G. The removal 
of the spacer structures may be accomplished by a variety of 
techniques including, for example, selective etching and/or 
ashing. If the spacers 118 are made using an oxide or nitride 
material, then the spacers are typically removed using a 
selective etching process. If the spacers 118 are made using 
a photoresist material then the spacers 118 may be removed 
by ashing because many photoresist materials are organic 
compounds. 
[0045] Removal of the spacers 118 may leave a portion 
107 of the barrier layer 106 exposed, as shoWn in FIG. 1G. 
This portion 107 Was protected from removal by the spacers 
118. Optionally, this portion 107 of the barrier layer 106 may 
be removed by, for example, a timed etching process in 
Which the semiconductor device 100 is exposed to an 
etchant for a period of time sufficient to remove some or all 
of the portion 107, as depicted in FIG. 1H. In some 
embodiments, this etchant is selective to the material of the 
device layer 104 or etches the material of the barrier layer 
106 at a faster rate than the material of the device layer 104. 

[0046] A portion 105 (see FIG. 1G) of the via structure 
109 Which extends above the device layer may be optionally 
removed during the same or a different timed etching 
process, as shoWn in FIG. 1H. In this embodiment, the 
etchant may etch the metal layer 108 and barrier layer 106 
at similar rates. 

[0047] The via structures 109 obtained as a result of the 
above-described process are formed in such a Way as to 
avoid or reduce the appearance of recesses Within the via 
structure. Accordingly, the present invention is applicable to 
semiconductor devices Which have metal interconnects. The 
present invention should not be considered limited to the 
particular examples described above, but rather should be 
understood to cover all aspects of the invention as fairly set 
out in the attached claims. Various modi?cations, equivalent 
processes, as Well as numerous structures to Which the 

present invention may be applicable Will be readily apparent 
to those of skill in the art to Which the present invention is 
directed upon revieW of the instant speci?cation. The claims 
are intended to cover such modi?cations and devices. 

We claim: 
1. A semiconductor device having a device layer, the 

semiconductor device comprising: 

a via in the device layer of the semiconductor device; 

a barrier layer over the device layer and over the barrier 
layer and in the via; 

metallic material disposed in the via; 

a conductive structure formed over the device layer and in 
contact With the metallic material, the conductive struc 
ture having a sideWall extending from a surface of the 
barrier layer; 

a spacer on the sideWall of the conductive structure; and 

Wherein the metallic material in the via is protected by a 
spacer on the sideWall of the conductive structure 
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during a removal of a portion of a conducting barrier 
adjacent to the via and over the device layer. 

2. The semiconductor device of claim 1, Wherein the 
barrier layer extends above and laterally beyond the via. 

3. The semiconductor device of claim 2, Wherein the 
metal layer is adapted and con?gured as a single metal layer 
that is characteriZed as contiguously formed in a single 
deposition step. 

4. The semiconductor device of claim 1, Wherein the via 
has a sideWall and a bottom surface and the barrier layer is 
over the device layer and on the sideWall and the bottom 
surface of the via. 

5. The semiconductor device of claim 1, Wherein the 
barrier layer comprises a conductive material. 

6. The semiconductor device of claim 1, Wherein the 
device layer comprises a dielectric material. 
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7. The semiconductor device of claim 1, Wherein the 
metal layer comprises a metallic material, the metallic 
material being at least one of aluminum, copper, tungsten, or 
alloys thereof. 

8. The semiconductor device of claim 7, Wherein the 
metal layer comprises an aluminum alloy. 

9. The semiconductor device of claim 8, Wherein the 
aluminum alloy comprises an aluminum/copper alloy. 

10. The semiconductor device of claim 1, further com 
prising forming an anti-re?ective coating layer over the 
metal layer. 

11. The semiconductor device of claim 10, Wherein the 
anti-re?ective coating layer comprises a conductive mate 
rial. 

12. The semiconductor device of claim 1, Wherein the 
conductive structure is formed directly over the via struc 
ture. 


