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(57) ABSTRACT 

A multi-layer integrated circuit (400) and method of manu 
facturing thereof having barbed vias (427) connecting con 
ductive lines (468, 408). Circuit (400) includes a ?rst 
dielectric layer (404) deposited on a substrate (402) and 
conductive lines (408) formed in the ?rst dielectric layer 
(404). A second dielectric layer (462) is deposited over the 
?rst dielectric layer (404). Barbed vias (427) are formed 
having a substantially cylindrical portion (424) Within the 
second dielectric layer (462) and a barbed portion (426) 
Within conductive lines (408). Conductive lines (468) are 
formed over the barbed vias (427) Within a the second 
dielectric layer (462). A region of the barbed via (427) 
barbed portion (406) extends beneath the second dielectric 
layer (462). 
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BARBED VIAS FOR ELECTRICAL AND 
MECHANICAL CONNECTION BETWEEN 

CONDUCTIVE LAYERS IN SEMICONDUCTOR 
DEVICES 

TECHNICAL FIELD 

[0001] The present invention relates generally to the fab 
rication of semiconductor devices, and more particularly to 
via formation in multi-layer integrated circuits. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductors are Widely used for integrated 
circuits for electronic applications, including radios, televi 
sions and personal computing devices, as examples. Such 
integrated circuits typically use multiple transistors fabri 
cated in single crystal silicon. It is common for there to be 
millions of semiconductor devices on a single semiconduc 
tor product. Many integrated circuits noW include multiple 
levels of metalliZation for interconnections. 

[0003] The semiconductor industry continuously strives to 
decrease the siZe of the semiconductor devices located on 
integrated circuits. MiniaturiZation is generally needed to 
accommodate the increasing density of circuits necessary for 
today’s semiconductor products. In the past, the material 
typically used to isolate conductive leads from each other 
has been silicon dioxide; hoWever, the dielectric constant (k) 
of silicon dioxide deposited by chemical vapor deposition is 
on the order of 4.1 to 4.2. The dielectric constant is based on 
a scale Where 1.0 represents the dielectric constant of a 
vacuum. Silicon dioxide provides a minimal thermal expan 
sion coef?cient mismatch With conductive layer materials, 
and is a strong material. 

[0004] LoW-k materials (e.g., having a dielectric constant 
of 3.6 or less) are noW being used for the insulating material 
separating conductive layers and metal leads of semicon 
ductor devices in order to reduce the capacitive coupling 
betWeen interconnect lines. Widely used loW-k materials 
comprise organic spin-on materials, Which must be heated to 
remove the liquid, or solvent. Often these loW-k materials 
have a high thermal expansion coefficient compared to 
metals and silicon dioxide. 

[0005] Semiconductor Wafers are frequently temperature 
cycled during fabrication due to the nature of the manufac 
turing process. When a device comprises multiple metalli 
Zation and dielectric layers, the solvent-removing heating 
step for the loW-dielectric constant material layers must be 
repeated numerous times (e.g., each layer must be cured), 
Which can be problematic, especially for the loWer layers of 
the device. The mismatch of thermal expansion coefficients 
of metal leads and loW-k dielectric layers causes thermo 
mechanical stress, leading to increased resistances, delami 
nations, electrical intermittencies and opens, resulting in 
reduced yields. 

[0006] What is needed in the art is an interconnect struc 
ture and fabrication method thereof that can Withstand the 
thermal cycling required for processing multi-layer semi 
conductor devices having a loW-k insulating material 
betWeen conductive layers. 

SUMMARY OF THE INVENTION 

[0007] These problems are generally solved or circum 
vented by the present invention, Which achieves technical 
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advantages as a barbed via structure and method of fabri 
cation thereof that provides strength, robustness and stabile 
electrical resistance to metal interconnect layers of a multi 
layer semiconductor device. 

[0008] Disclosed is a method of interconnecting conduc 
tive layers in a multi-layer integrated circuit, the integrated 
circuit comprising a ?rst conductive line in a ?rst dielectric 
layer and a second conductive line in a second dielectric 
layer, the second conductive line and second dielectric layer 
residing over the ?rst conductive line and ?rst dielectric 
layer, respectively. The method comprises depositing a 
second dielectric layer over the ?rst conductive line and the 
?rst dielectric layer, and forming a via opening over the ?rst 
conductive line in the second dielectric layer. In the second 
dielectric a trench for the second conductive line and the via 
opening are formed by subsequent patterning steps, in a dual 
damascene approach. The via may be formed ?rst and trench 
second or alternatively, the trench may be formed ?rst and 
the via formed second. A barb opening is formed in a top 
portion of the ?rst conductive line, the barb opening having 
a region extending beneath the second dielectric layer. The 
via opening, the barb opening and the trench opening for the 
second conductive line are ?lled With a conductive material 
to form a barbed via With a conductive line on top, Wherein 
the barbed via provides electrical connection betWeen the 
?rst conductive line and the second conductive line. 

[0009] Also disclosed is a method of manufacturing inter 
connect layers of a multi-layer integrated circuit in a single 
damascene approach, comprising forming a ?rst conductive 
line in a ?rst dielectric layer, depositing a second dielectric 
layer over the ?rst conductive line and the ?rst dielectric 
layer, and forming a via opening over the ?rst conductive 
line in the second dielectric layer. Abarb opening is formed 
in a top portion of the ?rst dielectric line, the barb opening 
having a region extending beneath the second dielectric 
layer. The via opening and the barb opening are ?lled With 
a conductive material to form a barbed via, and a third 
dielectric layer is deposited over the barbed via and the 
second dielectric layer. A second conductive line is formed 
in the third dielectric layer over the barbed via. 

[0010] Further disclosed is an interconnect structure for a 
multi-layer integrated circuit, comprising a ?rst conductive 
line formed in a ?rst dielectric layer, a second dielectric 
layer deposited over the ?rst dielectric layer and the ?rst 
conductive line, and a barbed via formed in the second 
dielectric layer over the ?rst conductive line. The barbed via 
has a barbed portion extending into a top portion of the ?rst 
conductive line, With the barbed portion having a portion 
extending beneath the ?rst conductive line. A third dielectric 
layer is deposited over the second dielectric layer and the 
barbed via, and a second conductive line is formed in the 
third dielectric layer above the barbed via (single damascene 
approach) or alternatively the second conductive line may be 
realiZed in the second dielectric layer and ?lled together 
With the barbed via by the same deposition steps of the 
conductive liners, seed layers and metal ?lls (dual dama 
scene approach). 

[0011] Advantages of the invention include preventing 
delamination, breakage and opens from occurring during 
thermal expansion in multi-level interconnect structures due 
to materials having different thermal expansion coef?cients. 
The barbed vias of the present invention provide a sturdy, 
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robust, structure that can Withstand .the thermal cycling 
during the multiple times a Wafer is exposed to high tem 
peratures in order to cure loW-dielectric constant insulating 
materials and during other processing steps. The invention 
results in improved yields and loWered electrical resistance 
value of vertical connections Within the Wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above features of the present invention Will be 
more clearly understood from consideration of the folloWing 
descriptions in connection With accompanying draWings in 
Which: 

[0013] FIG. 1 illustrates a cross-sectional vieW of a prior 
art integrated circuit structure having vias connecting con 
ductive lines of the various conductive layers in a single 
damascene approach; 

[0014] FIG. 2 illustrates a cross-sectional vieW of a prior 
art integrated circuit structure having vias connecting con 
ductive lines of the various conductive layers in a dual 
damascene approach; 

[0015] FIGS. 3-5 shoW cross-sectional vieWs of an inte 
grated circuit structure in accordance With a preferred 
embodiment of the present invention at various stages of 
fabrication in a single damascene approach; 

[0016] FIG. 6 shoWs a How chart for a preferred method 
of fabricating a barbed via of the present invention; 

[0017] FIG. 7 illustrates another preferred embodiment of 
the present invention having a barbed via on one side, in a 
structure Where the vias and contacts are not fully landed or 
in contact With one another; and 

[0018] FIG. 8 shoWs a cross-sectional vieW of an inte 
grated circuit structure in accordance With a preferred 
embodiment of the present invention in a dual damascene 
approach. 
[0019] Corresponding numerals and symbols in the dif 
ferent ?gures refer to corresponding parts unless otherWise 
indicated. The ?gures are draWn to clearly illustrate the 
relevant aspects of the preferred embodiments, and are not 
necessarily draWn to scale. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] Problems With prior art via formation Will be 
discussed, folloWed by a description of preferred embodi 
ments of the present barbed via invention. Advantages of the 
invention Will then be discussed. The term “via” is used 
herein to describe a portion, eg a plug or line, of conductive 
material placed betWeen conductive layers of a semiconduc 
tor integrated circuit (IC) to provide an electrical and 
mechanical path for current to How during the operation of 
the IC. Only one via is shoWn in each ?gure, although many 
vias are present Within each dielectric layer. 

[0021] FIGS. 1 and 2 shoW prior art structures 100 and 
160 for prior methods of fabricating multi-layer intercon 
nects of an integrated circuit on a semiconductor Wafer. 
FIG. 1 shoWs a single damascene approach and FIG. 2 
shoWs a dual damascene approach. 

[0022] Referring ?rst to the structure 100 shoWn in FIG. 
1, a substrate 102 is provided, typically comprising silicon 
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oxide over single-crystal silicon. The substrate 102 may 
include other conductive layers or other semiconductor 
elements, eg transistors, diodes, etc. Compound semicon 
ductors such as GaAs, InP, Si/ Ge, SiC are often used in place 
of silicon. 

[0023] A ?rst dielectric layer 104 is deposited over the 
substrate 102. In the prior art structure having the problems 
described herein, dielectric 104 comprises a loW-dielectric 
constant material, having a dielectric constant k of 3.6 or 
less, for example. LoW-k dielectric material 104 comprises 
an organic spin-on material such as a polyimid or others. 
Trademarks for such materials include DoW Chemical Cor 
poration’s SiLKTM and AlliedSignal Inc.’s FlareTM for 
example. After spinning on loW-k dielectric 104, the Wafer 
100 is exposed to a heating step (e.g., baked) to remove the 
solvents and cure the dielectric material. Temperatures of the 
heating step may reach 400 degrees C., for example. 

[0024] Dielectric material 104 is patterned and etched, and 
conductive lines 108 are formed. An optional conductive 
liner 106 may be deposited prior to formation of conductive 
lines 108. Conductive liner 106 typically comprises Ta, TaN, 
WN, TiN, etc., and conductive lines 108 may comprise 
conductive materials such as aluminum, copper, other met 
als, or combinations thereof, for example. 

[0025] An optional dielectric cap layer 110 comprising 
SiN, for example, is deposited over conductive lines 108 and 
loW-k dielectric 104. A second layer of dielectric material 
112 is deposited over conductive lines 108. Second dielec 
tric layer 112 comprises a loW-k material and thus must be 
baked at up to 400 degrees C. to remove solvents. Dielectric 
layer 112 is patterned eg with a mask, and via openings are 
formed using an etch process step, preferably an anisotropic 
etch process Which is substantially directed toWards the 
perpendicular surface of the Wafer. A small portion of the 
tops of conductive lines 108 is typically etched during the 
anisotropic etch process, as shoWn by the recess at 122. 

[0026] The via openings are ?lled With a metallic material, 
preferably the same as the material used for the conductive 
lines 108, for example, to form vias 116. Vias 116 are 
typically substantially cylindrical, and may have a slightly 
greater diameter at the tops than at the bottoms due to the via 
opening etch process not being entirely perpendicular to the 
Wafer 100 surface. 

[0027] A third dielectric layer 114 comprising a loW-k 
dielectric material, for example, is deposited over vias 116, 
heated to remove the solvents, patterned and etched. Con 
ductive lines 120 are formed over vias 116 to provide a 
connection to conductive lines 108 in the underlying ?rst 
dielectric layer 104. An optional conductive liner 118 may 
be deposited prior to the formation of conductive lines 120. 
Conductive lines 120 preferably comprise a metal material 
the same as conductive lines 108, for example. Many other 
conductive layers may be deposited in this manner. It is not 
uncommon to have up to six conductive layers Within a 
semiconductor structure. 

[0028] FIG. 2 shoWs generally at 160 a prior art dual 
damascene approach of forming multi-layer interconnects of 
an integrated circuit. A substrate 102 is provided, and a ?rst 
dielectric layer 104 is deposited over the substrate 102. 
Dielectric material 104 may comprise a loW-k dielectric. 
Dielectric material 104 is patterned and etched, and con 



US 2002/0086517 A1 

ductive lines 108 are formed. An optional conductive liner 
106 may be deposited prior to formation of conductive lines 
108. 

[0029] An optional dielectric cap layer 110 is deposited 
over conductive lines 108 and loW-k dielectric 104. Asecond 
layer of dielectric material 162 is deposited over conductive 
lines 108. In a dual damascene approach, second dielectric 
layer 162 is thicker than in a single damascene approach, 
because both via 170 and metal line 168 are formed Within 
the second dielectric layer 162. Alternatively, an etch stop 
material 171 may be deposited near the interface of the via 
170 and metal line 168, as shoWn in phantom. 

[0030] Dielectric layer 162 is patterned and etched, gen 
erally in tWo separate steps to form via 170 holes and 
trenches for metal lines 168. The etching processes are 
usually anisotropic etch processes that are substantially 
directed toWards the perpendicular surface of the Wafer. The 
via 170 hole may be formed ?rst, folloWed by the formation 
of metal line 168 trench, or vice versa. A liner 164 may be 
deposited over the via hole and the metal line trench. The via 
openings and metal line trench are ?lled With a metallic 
material, preferably the same as the material used for the 
conductive lines 108, for example, to form vias 170 and 
metal lines 168. 

[0031] A problem With the prior art structures shoWn in 
FIGS. 1 and 2 is that after each loW-dielectric constant 
material layer deposition, the organic spin-on material must 
be heated to remove the solvent. This means that the loWer 
layers, eg the ones ?rst deposited, are heated six or more 
times to 400 degrees C. This thermal cycling causes a greater 
expansion of the loW-k dielectric material 112/162 than the 
expansion of conductive via 116/170, causing force F to be 
exerted doWnWards and upWards toWards conductive lines 
108 and 120/168, respectively. Conductive lines 108 and 
120/168 have a much loWer coefficient of thermal expansion 
than dielectric 112/162. For example, the coef?cient of 
thermal expansion is 16-17 ppm/degrees C. for copper, 
compared With loW-k dielectric material SiLKTM Which has 
a coef?cient of thermal expansion of 60-70 ppm/degree C. 
Each time the Wafer 100/160 is heated, the loW k material 
112/162 expands. The thermal mismatch betWeen the vias 
116/170 and dielectric layer 112/162 causes an increase in 
the resistance of the conductive path created by 108, 116/170 
and 120/168. In particular, the junction 122 of conductive 
line 108 With via 116/170 is stressed due to the expansion of 
dielectric layer 112/162, and junction 122 may separate 
partially or completely, resulting in open electrical connec 
tions or in intermittent electrical connections. This can cause 
an increase in electrical resistance, and result in decreased 
semiconductor device production yields or possibly failures 
during test or later on in use. 

[0032] The prior art problem of faults, reduced yields and 
increased resistance of conductive lines are reduced or 
alleviated With the present invention, in Which the tops of the 
bottom conductive lines are etched beneath the via dielectric 
layer With an isotropic etch so that a barbed via is formed. 

[0033] FIGS. 3-6 shoW a preferred embodiment 200 of the 
present invention in a single damascene approach at various 
manufacturing process stages and a How chart 240 of a 
single damascene fabrication method for barbed vias 
betWeen conductive lines of an integrated circuit. Referring 
?rst to FIG. 3, a substrate 202 is provided, preferably 
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comprising silicon oxide over, and possibly abutting, single 
crystal silicon. The substrate 202 may include other con 
ductive layers or other semiconductor elements, eg tran 
sistors, diodes, etc. Compound semiconductors such as 
GaAs, InP, Si/Ge, SiC may alternatively be used in place of 
silicon. 

[0034] A dielectric layer 204 is deposited over the sub 
strate 202. Dielectric 204 preferably comprises a loW-di 
electric constant material, having a dielectric constant k of 
3.6 or less, for example. LoW-k dielectric material 204 
preferably comprises an organic spin-on material such as a 
polyimid. Trademarks for such materials include SiLKTM 
and FlareTM. Alternatively, a non-loW-k dielectric such as 
silicon dioxide and/or silicon nitride (e.g., Si3N4) may be 
used. After spinning-on loW-k dielectric 204, the Wafer 200 
is exposed to a heating step (baked) of about 400 degrees C. 
to remove the solvents. 

[0035] Dielectric material 204 is patterned and etched, and 
conductive lines or regions 208 are formed (step 242 of FIG. 
6). An optional conductive liner 206 may be deposited prior 
to formation of conductive lines 208. Conductive liner 206 
typically comprises Ta, TaN, WN, TiN, etc., and conductive 
lines 208 preferably comprise copper, although aluminum, 
other metals and combinations thereof may also be used. 
Conductive lines 208 are preferably formed by a damascene 
or dual damascene process, for example. 

[0036] An optional dielectric cap layer 210 preferably 
comprising SiN, and alternately comprising Trademark 
BloKTM or other dielectric diffusion barriers may be depos 
ited over conductive lines 208 and loW-k dielectric 204. 
Dielectric cap layer 210 may not be required When conduc 
tive lines 208 comprise aluminum, for example. A second 
layer of dielectric material 212 is deposited over conductive 
lines 208 (step 244 of FIG. 6). Dielectric layer 212 prefer 
ably comprises a loW-k material and Will typically be baked 
at up to 400 degrees C. to remove solvents. Alternatively, 
dielectric layer 212 may comprise conventional dielectrics 
such as silicon dioxide and/or silicon nitride, for example. 

[0037] Dielectric material 212 is patterned via lithography 
eg with a mask, and via openings 213 are formed (step 246 
of FIG. 6) using an etch process step, preferably an aniso 
tropic etch process in Which the etchant material or gas is 
substantially directed toWards the perpendicular surface of 
the Wafer to create vertical sideWalls. A small portion of the 
top of conductive lines 208 is etched during the anisotropic 
etch process, as shoWn by the recess in FIG. 3. Anisotropic 
etch process preferably involves placing a photomask over 
the exposed dielectric 212 surface and exposing the Wafer 
200 to an oxygen, nitrogen or combination thereof, or 
alternatively CHF3 With a small amount of 02, for example. 
Resist or polymer is removed as part of the anisotropic etch 
process. Typically, the anisotropic etch stops in or on the top 
surface of the loWer conductive line 208. 

[0038] Referring to FIG. 4, a second etch process is 
performed to form a rounded cavity or opening 215 in the 
top of conductive leads 208 (step 248 of FIG. 6). Preferably 
the second etch process comprises an isotropic etch so that 
opening 215 is undercut beneath dielectric layer 212 as 
shoWn. Opening 215 comprises a cavity Where a barbed 
portion Will be formed When the via opening 213 is ?lled in 
a subsequent processing step or steps. The isotropic etch step 
248 preferably comprises a Wet etch such as ammonium 
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persulfat (NH4 With some S04), sulfuric acid or a mixture 
thereof, for example, and may alternately comprise a dry 
etch using chlorine chemistries at an elevated temperature, 
above 200 degrees C., for example. 

[0039] Referring to FIG. 5, via 213 and barb 215 (of FIG. 
4) openings are ?lled to form barbed vias 227 having a 
substantially cylindrical portion 224 Within the second 
dielectric layer 212 and a barbed portion 206 Within con 
ductive lines 208 (step 250). Preferably, this is accomplished 
in multiple steps as folloWs. 

[0040] A conformal deposition process is performed to 
leave conformal liner/diffusion barrier 218 along the interior 
Walls of via opening 213 and the barb opening 215. Pref 
erably conformal liner 218 comprises titanium nitride depos 
ited by chemical vapor deposition (CVD), and may alterna 
tively comprise tantalum nitride, tungsten nitride, or other 
barrier layers that may be conformally deposited, for 
example, using CVD processes or electroless plating. A 
conformal seed layer 220 is then deposited, Which prefer 
ably comprises copper, aluminum or other metals or com 
binations thereof. Conformal seed layer 220 is preferably 
deposited using a CVD process or other process resulting in 
a conformal seed layer 220, for example. The remainder of 
openings 213 and 215 are ?lled With material 222, for 
example, using an electroplated ?ll process to create void 
free vias 227 having a cylindrical portion 224 and a barbed 
portion 226. Material 222 preferably comprises copper, 
aluminum or other metals or combinations thereof. Alterna 
tively, material 222 may be deposited using CVD or physical 
(non-conformal) vapor deposition (PVD) folloWed by a 
re?oW process. 

[0041] A third dielectric layer 228, preferably comprising 
a loW-k dielectric layer 228, is deposited over barbed vias 
227, heated to remove the solvents, and patterned. Alterna 
tively, a non-loW-k dielectric such as silicon dioxide and/or 
silicon nitride may be used. Conductive lines or regions 232 
may be formed Within dielectric layer 228 and over barbed 
vias 227 (step 252 of FIG. 6) to connect to conductive lines 
208 in the underlying layer. An optional conductive liner 230 
may be deposited prior to the formation of conductive lines 
232. Conductive lines 232 preferably comprise a metal 
material the same as conductive lines 208, such as copper, 
aluminum or a combination thereof, for example. Many, e.g. 
six or more, other conductive layers With barbed vias 227 
connecting them may be deposited in this manner in accor 
dance With the present invention. 

[0042] An alternate embodiment of the present invention 
is shoWn in cross-section in FIG. 7. In some integrated 
circuit designs, vias may not contact the underlying con 
ductive lines in the center of the conductive lines, but rather 
may be slightly misplaced and make contact at the edge of 
the conductive lines 322. This is sometimes referred to as a 
non-fully landed contact/via. The barbed via of the present 
invention disclosed herein is bene?cial to such structures, as 
shoWn in FIG. 7 at 300. A dielectric 304 preferably com 
prising a loW-dielectric constant material is deposited over 
the substrate 302, and the Wafer 300 is exposed to a heating 
step (baked) of about 400 degrees C. to remove the solvents. 

[0043] Dielectric material 304 is patterned and etched, and 
conductive lines or regions 308 are formed. Optional con 
ductive liner 306 may be deposited prior to formation of 
conductive lines 208. Adielectric cap layer 310 is deposited 
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over conductive lines 308 and loW-k dielectric 304. Asecond 
layer of dielectric material 312 is deposited over conductive 
lines 308. Dielectric material 312 is baked to remove sol 
vents. Dielectric material 312 is patterned, and via openings 
are formed using an etch process step, preferably an aniso 
tropic etch process. Atop portion of conductive lines 308 is 
etched during the anisotropic etch process. 

[0044] Next, a second etch process is performed to form a 
cavity or opening in the top of conductive lines 308 and in 
dielectric 304 adjacent the side of the conductive line 308. 
Preferably, the second etch process comprises an isotropic 
etch so that the barb opening is undercut beneath dielectric 
layer 312. 

[0045] Via and barb openings are ?lled to form vias 327 
having a cylindrical portion 324 and barbed portion 328. 
Preferably, this is accomplished in multiple steps as folloWs. 
A conformal deposition process and is performed to leave 
conformal liner/diffusion barrier 318 along the interior Walls 
of via and barb openings. Aconformal seed layer 320 is then 
deposited, and the remainder of the openings are ?lled With 
material 322, for example, using an electroplated copper 
process to obtain void-free vias 327 having a cylindrical 
portion 324 and a barbed portion 326. Conductive lines or 
regions are then formed in a third dielectric layer deposited 
over vias 327, not shoWn (single damascene approach) or 
have been formed in the same second dielectric layer 312 
before the via ?ll (dual damascene approach). 
[0046] FIG. 8 shoWs another preferred embodiment 400 
of the present invention that uses a dual damascene approach 
to fabricate barbed vias betWeen conductive lines of an 
integrated circuit. A substrate 402 is provided, and a dielec 
tric layer 404 is deposited over the substrate 402. Dielectric 
404 preferably comprises a loW-dielectric constant material. 
Dielectric material 404 is patterned and etched, and con 
ductive lines or regions 408 are formed. An optional con 
ductive liner 406 may be deposited prior to formation of 
conductive lines 408. 

[0047] An optional dielectric cap layer 410 may be depos 
ited over conductive lines 208 and loW-k dielectric 404. 
Dielectric cap layer 410 may not be required When conduc 
tive lines 408 comprise aluminum, for example. A second 
layer of dielectric material 462 is deposited over conductive 
lines 408. 

[0048] In the dual damascene approach shoWn, second 
dielectric layer 462 is thicker than in the single damascene 
approach, because via 470 and metal line 468 are formed 
Within a single second dielectric layer 462, as shoWn. 
Alternatively, an etch stop material 471, shoWn in phantom, 
may be deposited near the interface of the via 470 and metal 
line 468. Dielectric layer 462 preferably comprises a loW-k 
material, and alternatively may comprise more conventional 
dielectrics. Dielectric material 462 is patterned to form via 
470 opening and a trench for metal line 468, preferably, in 
separate patterning and etch process steps, e.g., ?rst the via 
470 opening is formed and then the trench for metal line 468 
is formed, or vice versa. The etch process is preferably an 
anisotropic etch process in Which the etchant material or gas 
is substantially directed toWards the perpendicular surface of 
the Wafer to create vertical sideWalls. A small portion of the 
top of conductive lines 408 may be etched during the 
anisotropic etch process. Typically, the anisotropic etch 
stops in or on the top surface of the loWer conductive line 
408. 
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[0049] In accordance With the present invention, a second 
etch process is performed to form a rounded cavity or 
opening in the top of conductive leads 408. Preferably the 
second etch process comprises an isotropic etch so that 
opening is undercut beneath dielectric layer 462, as shoWn. 
The second etch process is selective to the conductive lead 
408 material. The curved opening comprises a cavity Where 
a barbed portion 426 Will be formed When the via opening 
is ?lled in a subsequent processing step or steps. The 
isotropic etch step preferably comprises a Wet etch such as 
ammonium persulfat (NH4 With some SO 4), sulfuric acid or 
a mixture thereof, for example, and may alternately com 
prise a dry etch using chlorine chemistries at an elevated 
temperature, above 200 degrees C., for example. 

[0050] The via and barb openings are ?lled to form barbed 
vias 470 having a substantially cylindrical portion 424 
Within the second dielectric layer 462 and a barbed portion 
426 Within conductive lines 408. Preferably, this is accom 
plished in multiple steps as folloWs. 

[0051] A conformal deposition process is performed to 
leave conformal liner/diffusion barrier 472 along the interior 
Walls of the via opening, the barb opening, and the metal line 
trench. Preferably, conformal liner 472 comprises titanium 
nitride deposited by chemical vapor deposition (CVD), and 
may alternatively comprise tantalum nitride, tungsten 
nitride, or other barrier layers that may be conformally 
deposited, for example, using CVD processes or electro-less 
plating. A conformal seed layer 474 is deposited, preferably 
comprising copper, aluminum or other metals or combina 
tions thereof. Conformal seed layer 474 is preferably depos 
ited using a CVD process or other process resulting in a 
conformal seed layer 474, for example. 

[0052] The remainder of the via, barb, and trench openings 
are ?lled With a conductive material, for example, using an 
electroplated ?ll process to create void-free vias 427 having 
a cylindrical portion 424 and a barbed portion 426 and also 
?lling the metal lines 468. The conductive material ?lling 
vias 427 and metal lines 468 preferably comprises copper, 
aluminum or other metals or combinations thereof. Alterna 
tively, the conductive material may be deposited using CVD 
or physical (non-conformal) vapor deposition (PVD)fol 
loWed by a re?oW process. In this particular embodiment, 
the trenches for the second conductive line are patterned in 
the second dielectric layer 462 before ?lling the barbed vias, 
so that the metal line 468 and barbed via 427 are ?lled at the 
same time, in a dual damascene approach. Many, e.g. six or 
more, other conductive layers With barbed vias 427 con 
necting them may be deposited in this manner in accordance 
With the present invention. 

[0053] A structure With a non-fully landed contact/via 
such as the one shoWn in FIG. 7 may also be fabricating 
using the dual damascene approach as described for FIG. 8 
in accordance With the present invention, not shoWn. 

[0054] The novel circuit and method disclosed herein 
achieves technical advantages as an interconnect structure 
and method of fabrication thereof for connecting conductive 
layers of a multi-layer integrated circuit With improved 
mechanical strength. The barbed vias of the preferred 
embodiment prevent delamination, separation, breakage and 
opens from occurring betWeen vias 227/327/427 and under 
lying conductive lines 208/308/408 during thermal expan 
sion; for example, during the multiple times the Wafer is 

Jul. 4, 2002 

exposed to extreme heat during removal of loW-dielectric 
constant insulating material solvents, layer deposition, ?nal 
anneal, or dielectric cure. The use of the present embodiment 
barbed vias results in improved yields and loWered electrical 
resistance value of vertical connections Within the Wafer. 
The barbed portion 226/326/426 of the vias 227/327/427 
provides a larger surface area for via 227/327/427 to connect 
underlying conductive line 208/308/408, stabiliZing the ther 
mal expansion effects. The invention also results in 
improved electrical reliability of the vertical chain of con 
ductive lines 208/308/408, 232/468 and vias 227/327/427. 

[0055] While the invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations in combinations of the illustrative embodiments, as 
Well as other embodiments of the invention, Will be apparent 
to persons skilled in the art upon reference to the description. 
For example, While a damascene process has been described 
herein to describe the conductive line formation, a non 
damascene process may be used. In addition, the order of 
process steps may be rearranged by one of ordinary skill in 
the art, yet still be Within the scope of the present invention. 
It is therefore intended that the appended claims encompass 
any such modi?cations or embodiments. Moreover, the 
scope of the present application is not intended to be limited 
to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and 
steps described in the speci?cation. Accordingly, the 
appended claims are intended to include Within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

What is claimed is: 
1. A method of interconnecting conductive layers in a 

multi-layer integrated circuit, Wherein the method com 
prises: 

depositing a dielectric layer over a ?rst conductive region; 

forming a via opening over at least a portion of the ?rst 
conductive region in the dielectric layer; 

forming a barb opening in a top portion of the ?rst 
conductive region, the barb opening having a region 
extending beneath the dielectric layer; and 

?lling the via opening and the barb opening With a 
conductive material to form a barbed via. 

2. The method according to claim 1 Wherein depositing a 
dielectric layer comprises depositing a loW-dielectric con 
stant material. 

3. The method according to claim 1 Wherein depositing a 
dielectric layer comprises depositing a material having a 
dielectric constant of 3.6 or less. 

4. The method according to claim 1 Wherein ?lling the via 
opening and the barb opening comprises: 

depositing a conformal conductive liner on the via and 
barb openings; 

depositing a conformal seed layer over the conformal 
conductive liner; and 

depositing a metal ?ll layer over the conformal seed layer. 
5. The method according to claim 4 Wherein depositing a 

metal ?ll layer comprises electroplating a metal. 
6. The method according to claim 1 Wherein the barbed 

via comprises copper. 
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7. The method according to claim 1 wherein forming a via 
opening comprises exposing the dielectric layer to an aniso 
tropic etch. 

8. The method according to claim 1 Wherein forming a 
barb opening comprises exposing the top portion of the ?rst 
conductive region to an isotropic etch. 

9. The method according to claim 1 Wherein forming a 
barb opening comprises forming an opening having a region 
extending beneath the second dielectric layer near at least 
approximately one-half of the via opening diameter. 

10. The method according to claim 9 Wherein forming a 
barb opening in a top portion of the ?rst conductive line 
comprises forming an opening having a region extending 
beneath the second dielectric layer near approximately the 
entire via opening diameter. 

11. A method of manufacturing interconnect layers of a 
multi-layer integrated circuit, comprising: 

forming a ?rst conductive region in a ?rst dielectric layer; 

depositing a second dielectric layer over the ?rst conduc 
tive region and the ?rst dielectric layer, the second 
dielectric layer comprising a loW-dielectric constant 
material; 

forming a via opening over the ?rst conductive region in 
the second dielectric layer; and 

forming a barb opening in a top portion of the ?rst 
dielectric region, the barb opening having a region 
extending beneath the second dielectric layer. 

12. The method according to claim 11, further compris 
ing: 

?lling the via opening and the barb opening With a 
conductive material to form a barbed via; 

depositing a third dielectric layer over the barbed via and 
the second dielectric layer; and 

forming a second conductive region in the third dielectric 
layer over the barbed via. 

13. The method according to claim 11, further compris 
ing: 

forming a trench for a second conductive region in the 
third dielectric layer over the barbed via; and 

?lling the via opening, the barb opening and the second 
conductive region With a conductive material to form a 
barbed via and a second conductive region. 

14. The method according to claim 11 Wherein ?lling the 
via opening and the barb opening comprises: 

depositing a conformal conductive liner on the via and 
barb openings; 

depositing a conformal seed layer over the conformal 
conductive liner; and 

depositing a metal ?ll layer over the conformal seed layer. 
15. The method according to claim 14 Wherein depositing 

a metal ?ll layer comprises electroplating a metal. 
16. The method according to claim 11 Wherein the ?rst 

conductive region, second conductive region and barbed via 
comprise copper. 

17. The method according to claim 11 Wherein forming 
the via opening comprises exposing the second dielectric 
layer to an anisotropic etch. 
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18. The method according to claim 11 Wherein forming a 
barb opening comprises exposing the top portion of the ?rst 
conductive region to an isotropic etch. 

19. The method according to claim 11 Wherein forming a 
barb opening in a top portion of the ?rst conductive region 
comprises forming an opening having a region extending 
beneath the second dielectric layer near at least approxi 
mately one-half of the via opening diameter. 

20. The method according to claim 19 Wherein forming a 
barb opening in a top portion of the ?rst conductive region 
comprises forming an opening having a region extending 
beneath the second dielectric layer near approximately the 
entire via opening diameter. 

21. An interconnect structure for a multi-layer integrated 
circuit, comprising: 

a ?rst conductive region; 

a dielectric layer disposed over the ?rst conductive 
region; 

a barbed via formed in the second dielectric layer over at 
least a portion of the ?rst conductive region, the barbed 
via having a barbed portion extending into a top portion 
of the ?rst conductive region, the barbed portion having 
a portion extending beneath the dielectric layer; and 

a second conductive region formed above the barbed via. 
22. The structure according to claim 21 Wherein the 

second dielectric layer comprises a loW-dielectric constant 
material. 

23. The structure according to claim 21 Wherein the 
second dielectric layer comprises a material having a dielec 
tric constant of 3.6 or less. 

24. The structure according to claim 21 Wherein the 
barbed via comprises: 

a conformal conductive liner deposited on the dielectric 
layer and the ?rst conductive region top portion; 

a conformal seed layer deposited on the conformal con 
ductive liner; and 

a metal ?ll layer deposited on the conformal seed layer. 
25. The structure according to claim 21 Wherein the ?rst 

conductive region, second conductive region and barbed via 
comprise copper. 

26. The structure according to claim 21 Wherein the 
barbed via comprises a barbed portion and a cylindrical 
portion, Wherein the barbed portion extends beneath the 
second dielectric layer near at least approximately one-half 
of the via cylindrical portion diameter. 

27. The structure according to claim 21 Wherein the 
barbed via barbed portion extends beneath the second 
dielectric layer near approximately the entire via cylindrical 
portion diameter. 

28. The structure according to claim 21 further compris 
mg: 

a second dielectric layer disposed beneath the dielectric 
layer around the ?rst conductive region. 

29. The structure according to claim 28 further compris 
ing: 

a third dielectric layer disposed over the dielectric layer 
around the second conductive region. 

* * * * * 


