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(57) ABSTRACT 

The present relates to a method of fabricating wiring Struc 
tures which contain a continuous, Single crystalline conduc 
tive material extending through the Structure. This is 
achieved in the present invention by utilizing an open 
bottomed via liner structure. 
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WIRING STRUCTURES CONTAINING 
INTERCONNECTED METAL AND WIRING 

LEVELS INCLUDING A CONTINOUS, SINGLE 
CRYSTALLINE OR POLYCRYSTALLINE 

CONDUCTIVE MATERAL HAVING ONE OR 
MORE TWN BOUNDARES 

FIELD OF THE INVENTION 

0001. The present invention relates to the use of a con 
tinuous highly conductive metal wiring Structure in fabri 
cating various Semiconductor devices. More specifically, the 
present invention relates to a method of fabricating a wiring 
Structure comprising a continuous Single crystalline or poly 
crystalline conductive metal material extending through the 
Structure which eliminates any interfaces between Vias and 
lines contained within the Structure. Damascene and non 
damascene wiring Structures are also provided by the present 
invention. 

BACKGROUND OF THE INVENTION 

0002. A semiconductor chip contains an array of devices 
whose contacts are interconnected by patterns of conductive 
wires. In order to take full advantage of the device and the 
circuit density on a given chip, it is usually necessary to 
make interconnections among the various devices and cir 
cuit elements in the chip. However, due to the level of 
integration of devices and circuits on a chip, interconnec 
tions can no longer be made by means of a Single level 
network of conductive lines. Often, it is necessary to form 
two or more Such levels of conductive lines which are 
Vertically Spaced apart and Separated by intermediate insu 
lating layers. 

0.003 Connections can be made between the different 
levels of conductive lines by means of vias which are etched 
through the insulating layer Separating the levels. These ViaS 
are filled with a metal to form via studs. These multiple 
levels of conductor wiring interconnection patterns, with the 
individual levels connected by via Studs, operate to distrib 
ute Signals among the circuits on the chip. 
0004. In its simplest form, a via may be made by first 
masking an insulating layer with a photoresist and then 
Selectively etching a portion of the insulating layer. The Via 
is etched through an opening formed in the photoresist using 
well known photolithographic techniques to form an open 
ing to the underlying conductive layer. Depending on the 
aspect ratio and the interconnection ground rules, isotropic 
or anisotropic etching processes may be used to form a hole 
in the dielectric. 

0005. After via etching, and photoresist removal, it is 
essential to deposit a conductive layer in the Via. This 
deposited conductive layer forms an electrical interconnec 
tion between the conductive layers of the device. However, 
a liner or barrier layer is usually desirable between the 
insulative and conductive layers. 
0006 The presence of a liner layer on the sidewalls on the 
via is desirable because it enhances the Structural integrity of 
the entire laminate. A good liner or barrier film effectively 
isolates the conductive metal from the dielectric as well as 
adhering firmly to the conductive metal and the dielectric. 
However, the best liner materials tend to be more resistive, 
as compared to conductive materials, So the presence of the 
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liner at the bottom of the via increases the contact resistance 
of the Structure. An increase in contact resistance is not 
desirable because it may lead to slower propagation of 
electrical signals through the wiring Structure. For Structural 
integrity, the liner should line the entire sidewall and will 
generally cover the bottom of the via as well. 
0007 Materials capable of forming a liner layer generally 
have a higher resistance than conductive materials. Liner 
materials have generally been Selected to Simultaneously 
minimize contact resistance, provide adequate adhesion 
between insulative and conductive materials, and provide a 
good diffusion barrier. 
0008. The contact resistance problem is compounded 
when copper, Cu, is used as the conductive metal. When Cu 
is used, the presence of a continuous dissimilar liner material 
with comparatively higher resistivity at the bottom of the via 
deters the fabrication of a Single crystalline, or continuous, 
interface between the via conductor material and the wiring 
level below. 

0009. The formation of a single crystalline or polycrys 
talline interface in wiring structures is advantageous Since it 
provides greater Structural integrity for the interface between 
the via and the wiring level below. In the prior art, after via 
definition over a metal line, typically a continuous liner or 
barrier film is deposited on the sidewalls and bottom of the 
via. This is then followed with seed layer deposition over the 
liner. Finally, the via is filled with a metal using a suitable 
deposition method Such as electroplating, CVD, electroless 
deposition or PVD techniques. In prior art wiring structures, 
the Vias and lines are separated by a liner film; therefore an 
interface exists between the Vias and the lines of the wiring 
Structure. 

0010) A typical prior art wiring structure is shown in 
FIGS. 1(a)-(b). Specifically, FIG. 1(a) shows a typical via 
level 50 on a planarized metal level 52. Via 50 consists of an 
opening in the dielectric that is landed on metal level 52. The 
prior art via Structure comprises a continuous liner layer 50c, 
a seed layer 50b and a conductive metal 50a. An interlevel 
dielectric 54 separates via level 50 from metal level 52. After 
metal planarization, a plane of the liner layer 50c remains at 
the interface of the via and the trench. 

0011. In view of the drawbacks mentioned hereinabove, 
there remains a need of fabricating Semiconductor devices 
which contain a continuous, Single crystalline or polycrys 
talline conductive material, particularly Cu, between the 
various wiring levels of the Semiconductor device. 

SUMMARY OF THE INVENTION 

0012. It is an object of the present invention to provide a 
method of fabricating a Semiconductor device which con 
tains no barrier material at the interfaces of the various 
wiring levels of the Semiconductor device. 
0013. It is a further object of the present invention to 
provide a Semiconductor device containing a continuous 
conductive metal microStructure running between lines and 
vias of the device which has an extremely low or relatively 
non-existent contact resistance compared with prior art 
devices. 

0014. It is another object of the present invention to 
provide a method of fabricating Semiconductor devices in 
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high yield having reduced maze or line resistance and 
having Superior electromigration. 

0.015 These as well as other objects will be achieved in 
the present invention by using an open-bottomed via liner 
Structure in the Semiconductor device. Specifically, the fore 
going objects are met by the method of the present invention 
which comprises the Steps of: 

0016 (a) providing an open-bottomed via liner 
Structure comprising at least one via level located on 
top of at least one metal level, Said via level having 
a liner material deposited only on the Via's Sidewalls, 

0017 (b) depositing a layer of conductive material 
to the open-bottomed via Structure provided in Step 
(a); 

0018 (c) forming a metal line layer on the conduc 
tive material; 

0019 (d) annealing said metal line layer under con 
ditions effective to form a continuous, Single crys 
talline or polycrystalline conductive material extend 
ing through the lines and Vias of the Structure; and 

0020 (e) planarizing the structure provided in step 
(d). 

0021. In one embodiment of the present invention, the 
Structure provided in Step (c) is encapsulated in a metal Such 
as Ta, TaN, TiN, W, SiN and the like prior to annealing. 
Diamond-like carbon may also be used as an encapsulating 
material. 

0022. In another embodiment of the present invention, 
the annealing Step is not performed. This is typically done 
when multilevel wiring Structures are desirable. 
0023 The open-bottomed via liner structure employed in 
the present invention can be fabricated using conventional 
methods well known to those skilled in the art, but typically 
it is fabricated by the following steps: 

0024 (i) providing a planarized wiring structure 
having at least one metal level and at least one 
trench, wherein Said trench contains a first liner 
material and is filled with a trench material; 

0025 (ii) optionally, depositing an interlevel dielec 
tric layer on Said metal level; 

0026 (iii) depositing an insulative material on said 
interlevel dielectric layer or Said metal level; 

0027 (iv) patterning said insulative material to pro 
vide a via therein; and 

0028 (v) sputter depositing a second liner material 
to Said via under conditions effective to cause depo 
Sition on Said insulative material and on the via's 
sidewalls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIGS. 1(a)-(b) are cross-sectional views of a wir 
ing Structure of the prior art. 
0030 FIGS. 2(a)-(c) are cross-sectional views of a wiring 
Structure prepared in accordance with the present invention. 
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0031 FIG. 3 is a cross-sectional view of a wiring struc 
ture prepared in accordance with the present invention 
having a discontinuous liner in the Via. 
0032 FIGS. 4(a)-(c) are cross-sectional views of dual 
damascene wiring Structures prepared in accordance with 
the present invention using (a) a continuous liner, (b) a 
discontinuous adhesion layer as the liner material and (c) 
continuous liners on the Sidewalls of trenches and discon 
tinuous liners on the Sidewalls of the Vias. 

0033 FIG. 5 is a cross-sectional view of a multi-level 
wiring Structure containing multiple overhanging interlevel 
dielectric layerS Separating each line-Via-line portion of the 
Structure. 

0034 FIGS. 6(a)-(c) are cross-sectional views of a dual 
damascene Structures without continuous metal-Viametal 
Via-metal-Via Structure and without interlevel dielectrics 
containing (a) a continuous liner, (b) a discontinuous liner 
and (c) continuous liners in trenches and discontinuous lines 

W.S. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0035. The present invention, which relates to the use of 
an open-bottomed via liner Structure in fabricating Semicon 
ductor devices, will now be described in more detail by 
referring to the drawings that accompany this specification. 
It should be noted that in the drawings like elements or 
components will be referred to be like numerals. 
0036 Referring to the drawings in more detail, and 
particularly referring to FIGS. 2(a)-(c), there is shown the 
various processing Steps that are employed in the present 
invention for forming a wiring structure containing a con 
tinuous, Single crystalline conductive material extending 
through the Structure 
0037 Specific attention in this regard is first directed to 
FIG. 2(a), which shows a typical planarized wiring structure 
that is employed in the present invention. Specifically, FIG. 
2(a) shows a planarized wiring structure 10 which comprises 
at least one via level 10a on top of at least one metal level 
10b. The metal level 10b includes at least one insulative 
portion 12 and at least one trench 13 or metal line. Trench 
13 contains a liner material 20 on the Sidewalls and the 
bottom of trench 13, and is filled with a trench material 22. 
Via level 10a of the wiring structure comprises at least one 
via 18 and an insulative material 16 Moreover, via level 10a 
and metal level 10b are typically separated by interlevel 
dielectric layer 14. In certain embodiments, it is not neces 
Sary to have interlevel dielectric layer 14 Separating via level 
10a and metal level 10b. 

0038. It should be noted that liner material 20 shown in 
FIG. 2(a) is a continuous liner covering the sidewalls and 
the bottom of trench 13. A discontinuous liner covering only 
portions of the Sidewalls of the trench may also be employed 
in the present invention. Suitable materials that may be 
employed in the present invention as liner 20 include, but are 
not limited to, Al, Cr, Ti, TN, W, Ta, TaN, TaN/Ta, Ta/TaN, 
Ta/TaN/Ta, TaN/Ti, Ta-Ti alloy, Ta-Cr alloy and 
Ti-Ta-Cr alloys. 
0039 The trench materials employed in the present in 
forming region 22 are conventional conductors well known 
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to those skilled in the art. Examples of Such conductors 
include, but are not limited to, Cu, Al, Ag, Cr, Au, Ni, W and 
the like. Alloys containing one or more of these metals are 
also contemplated herein. 

0040. The other elements shown in FIG. 2(a), i.e. inter 
level dielectric 14 and insulative layers 12 and 16, are also 
composed of conventional materials. For example, interlevel 
dielectric 14 and insulative layers 12 and 16 may be com 
posed of SiO, Spin on glasses, TiO, (Ba,Sr)TiO, organic 
polymers, inorganic polymers, fluorinated polymers, TiO, 
and the like. Depending on the device being fabricated, 
layers 12, 14 and 16 may be composed of the same or 
different material. 

0041. The via level of the wiring structure shown in FIG. 
2(a) is fabricated using techniques well known to those 
skilled in the art. For example, it can be manufactured by 
etching, e.g. reactive ion etching (RIE), via 18 in insulative 
material 16, depositing a liner material and then a conduc 
tive material by Sputtering, chemical vapor deposition 
(CVD), electroless deposition, electrodeposition and the 
like; annealing the structure attemperatures from about 200 
to about 500°C. to form bamboo structures in line or a single 
crystal in Short lines, and then planarizing the Structure to 
remove the overburden and isolate the varies via Structure. 

0042. As stated above, an interlevel dielectric layer 14 
may be deposited So as to Separate via level 10a and metal 
level 10b using techniques well known to those skilled in the 
art. Examples of Suitable techniques for depositing interlevel 
dielectric 14 include, but are not limited to, spin on dielec 
trics, CVD, physical vapor deposition (PVD) and ion 
implantation. Conventional dielectric materials including 
SiN, diamond like carbon and the like may be employed as 
interlevel dielectric layer 14. In one aspect of the present 
invention, no interlevel dielectrics are found in the wiring 
structure. This embodiment of the present invention is 
shown in FIGS. 6(a)-(b), for example. 
0.043 Insulative layer 16, which may be composed of the 
Same or different dielectric material as dielectric layer 14, is 
deposited onto the surface of interlevel dielectric 14. The 
deposition techniques employed in this Stage of the present 
invention include the previously mentioned techniques used 
in forming interlevel dielectric layer 14. When no interlevel 
dielectric layer is employed, insulative layer 16 is deposited 
directly on metal level 10b. 
0044) Insulative layer 16 is then patterned using conven 
tional lithographic techniques well known to those skilled in 
the art. Suitable techniques include providing a resist to 
insulative layer 16, removing those portions of insulative 
layer 16 not covered by the resist, Stopping at interlevel 
dielectric 14, Stripping the resist, and then etching the 
unexposed interlevel dielectric material. 
004.5 The insulative material and the interlevel dielectric 
material may be removed using etching techniques well 
known to those skilled in the art. For example, the insulative 
material and the interlevel dielectric material may be 
removed by utilizing a dry etch. When dry etching is 
employed, reactive ion etching (RIE), ion beam etching 
(IBF) or plasma etching may be utilized. Of these dry 
etching techniques, it is preferred that RIE be employed. 

0046. It should be stated that the above etching tech 
niques may be used to completely remove the interlevel 
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dielectric layer or, in one embodiment of the present inven 
tion, the etching leaves Some of the exposed interlevel 
dielectric behind providing an overhang which prevents or 
Suppresses metallic material Slide on the Vertical regions of 
the Sidewalls of the Via. The overhang can be provided using 
Selective etching or by other means well known in the art. 
That embodiment of the present invention is shown in FIG. 
5. 

0047 Next, a second liner 30 is then sputter deposited 
onto insulative layer 16 as well as the sidewalls of via 18. 
Any method known in the art can be used, but the present 
invention used the apparatus and conditions described in 
copending application, U.S. Ser. No. 08/767,572, filed on 
Dec. 16, 1996 (attorney docket No. FI9-96-129). Specifi 
cally, the Sputter deposition is conducted using a Rf bias 
such that deposition of liner 30 occurs on insulative layer 16 
and on the sidewalls of via 18. Typically, in the present 
invention the Sputter deposition is conducted using a Rf bias 
which is active for at least 18% of the total deposition time. 
More preferably, the Sputter deposition Rf biasing is active 
for a minimum of about 25% and a maximum of about 50% 
of the total Sputter deposition time. It is noted that under the 
above conditions no deposition occurs at the bottom of Via 
18. 

0048 AS is the case with liner 20, liner 30 may be a 
continuous liner covering all of the sidewalls of via 18 or it 
may be a discontinuous liner 30' cover only portions of the 
sidewalls of via 18. Liner 30 may be the same or different 
from liner 20. Suitable materials for liner 30 or 30' are the 
same as those mentioned hereinabove for liner 20. Discon 
tinuous liners 30' are shown in FIGS. 3, 4(b), 5 and 6(b). The 
present invention also contemplates the use of wiring Struc 
tures which contain continuous linerS 30 and discontinuous 
liners 30' in the same structure. That embodiment of the 
present invention is illustrated in FIGS. 4(c) and 6(c). 
0049. After depositing liner 30, a conductive material 
layer 32 may be deposited on the surface of liner 30 using 
conventional techniques well known to those skilled in the 
art. Conductive layer 32 may be the same or different from 
trench material 22, however, it is preferred if both regions 
are composed of the same material. A highly preferred 
conductive material employed in the present invention is Cu. 
Depending on the device being manufactured, a Seed layer 
of conductive layer 32 may be deposited. 

0050. Next, the open-bottomed via is filled with metal 
layer 34 to provide a line structure. The metal layer is 
typically composed of the same material as the conductive 
layer, with Cubeing most preferred. Metal line layer 34 can 
be formed by the above mentioned deposition techniqueS or 
by Suitable plating techniques. 

0051. In one embodiment of the present invention, the 
above Structure is encapsulated by depositing a metal Such 
as Ta, TaN, TN and the like onto the Surface of the structure. 
Diamond-like carbon may also be used in the present 
invention to encapsulate the Structure. 
0052 Metal layer 34 or the encapsulated structure is then 
Subjected to annealing under conditions which are effective 
in providing a continuous, Single crystalline or polycrystal 
line conductive material extending through the lines and ViaS 
of the Structure. Typically, annealing is conducted in N2, H2, 
a forming gas, i.e. a H2 and N2 mixture, or inert gas 
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atmosphere at temperatures of from about 200 to about 
400°C. for a time period of from about 1 to about 60 mins. 
More preferably, annealing is conducted at temperatures of 
from about 275° to about 325°C. for a time period of from 
about 5 to about 30 mins. 

0053. After annealing the structure shown in FIG. 2(b), 
it is then planarized using techniques well known to those 
skilled in the art including RIE and chemical mechanical 
polishing. The final wiring structure is shown in FIG. 2(c), 
wherein a continuous, Single crystalline or polycrystalline 
line-Via-line connection is obtained as evidenced by the 
continuous twin boundary running between the metal line 
and Via. 

0054. In another embodiment of the present invention, 
the annealing Step may be omitted. This embodiment is 
typically carried out when multi-level wiring Structures are 
desired. When this embodiment is practiced, the deposition 
conditions used in forming the varies levels of the wiring 
Structure are Sufficient to cause annealing of the conductive 
regions. 

0055. It should be noted that the various steps of the 
present invention may be repeated a number of times 
providing a multi-level wiring Structure Such as shown in 
FIGS. 4-6. In those structures, the various metal levels are 
fabricated using techniques well known to those skilled in 
the art. This includes providing an interlevel dielectric layer 
to the top of the structure shown in FIG. 2(c), depositing an 
insulative layer thereon, patterning a trench in the insulative 
layer, remove portions of the dielectric layer thus provided, 
Stripping the resist, providing a fresh resist, open a Via, RIE 
the Via Stopping at the interlevel dielectric, and opening the 
interlevel dielectric layer. For a complete discussion of this 
process, see, for example, U.S. Pat. No. 4,789,648 to 
Charles, et al., the contents of which are incorporated herein 
by reference. 
0056. Other embodiments of the present invention pre 
pared using the above described method are shown in FIGS. 
3-6. 

0057 Specifically, FIG. 3 represents a wiring structure 
which is prepared using discontinuous liners 30'; FIGS. 
4(a)-(c) represent dual damascene wiring structures which 
are fabricated using a continuous liner 30, discontinuous 
liner 30' and a combination of continuous and discontinuous 
liners 30', respectively; FIG. 5 represents a multi-level 
wiring Structure which contains overhangs of interlevel 
dielectric material 14; and FIGS. 6(a)-(c) represents dual 
damascene Structures which do not contain any interlevel 
dielectricS Separating the various levels of the wiring Struc 
ture. In FIG. 6(a), a continuous liner 30 is employed, in 
FIG. 6(b), a discontinuous liner 30' is employed and, in 
FIG. 6(c) a combination of liners 30 and 30', i.e. continuous 
and discontinuous are employed. These structures are fab 
ricated using conventional lithography and RIE techniques 
as mentioned hereinabove. 

0.058 It should be noted that the dual damascene struc 
tures shown in FIGS. 4(a)-(c) are obtained by depositing a 
thin liner having a thickness of from about 5 to about 100 A. 
0059. It is again emphasized that the method of the 
present invention provides a continuous, crystalline or poly 
crystalline conductive microStructure running between lines 
and Vias of a wiring Structure Such that an extremely low or 
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relatively non-existent contact resistance is observed, i.e. no 
interface between the metal levels and the via levels is 
present. 

0060. While the invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may be 
make therein without departing from the Spirit and Scope of 
the instant invention. 

Having thus described our invention, what we claim as new, 
and desire to secure by Letters Patent is: 
1. A method for fabricating a continuous, crystalline or 

polycrystalline conductive material between lines and ViaS 
of a wiring Structure comprising: 

(a) providing an open-bottomed via liner structure com 
prising at least one via level located on top of at least 
one metal level, Said via level having a liner material 
deposited only on the Via's Sidewalls, 

(b) depositing a conductive material to said structure 
provided in Step (a); 

(c) forming a metal line layer on the conductive material; 
(d) optionally, encapsulating the structure provided in 

Step(c); 
(e) annealing said metal line layer or said encapsulated 

Structure under conditions effective to form a continu 
Ous, Single crystalline or polycrystalline conductive 
material extending through the lines and vias of the 
Structure; and 

(f) planarizing the structure provided in Step (c). 
2. The method of claim 1 wherein said open-bottomed via 

liner Structure is fabricated by the steps of: (i) providing a 
planarized wiring Structure having a metal level containing 
at least one trench in the metal level, wherein Said trench 
contains a first liner material and is filled with a trench 
material; (ii) optionally, depositing an interlevel dielectric 
layer on Said metal level; (iii) depositing an insulative 
material on Said optional interlevel dielectric layer or said 
metal level; (iv) patterning said insulative material to pro 
vide a via therein; and (v) Sputter depositing a Second liner 
material to said via provided in step (iv) under conditions 
effective to cause deposition on the insulative material and 
the sidewalls of said via. 

3. The method of claim 2 wherein the wiring structure in 
Step (i) is provided by etching said trench in said metal level, 
depositing Said liner material and then Said trench material 
to Said trench, annealing the Structure; and then planarizing 
the Structure. 

4. The method of claim 2 wherein the interlevel dielectric 
material and Said dielectric material are deposited by chemi 
cal vapor deposition, physical vapor deposition or ion 
implantation. 

5. The method of claim 2 wherein step (iv) includes 
providing a resist to the insulative material; removing those 
portions of Said insulative material not covered by the resist, 
Stopping at Said interlevel dielectric material; Stripping the 
resist, and then etching the exposed interlevel dielectric 
material. 

6. The method of claim 5 wherein said etching is a 
conducted by dry etching Selected from the group consisting 
of reactive ion etching, ion beam etching or laser ablation. 
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7. The method of claim 6 wherein said etching leaves an 
overhang of Said interlevel dielectric. 

8. The method of claim 2 wherein step (v) is conducted 
using a Rf bias which is active for at least 18% of the total 
deposition time. 

9. The method of claim 8 wherein step (v) is conducted 
using a Rf bias which active for a minimum of about 25% 
and a maximum of about 50% of the total deposition time. 

10. The method of claim 2 wherein said first and second 
liners are continuous, discontinuous or a combination 
thereof. 

11. The method of claim 1 wherein step (e) is conducted 
in N, H., a forming gas or an inert gas atmosphere at a 
temperature of from about 200 to about 400° C. for a period 
of time of from about 1 min. to about 60 mins. 

12. The method of claim 11 wherein step (e) is conducted 
at a temperature of from about 275 to about 325°C. for a 
period of time of from about 5 to about 30 mins. 

13. The method of claim 2 wherein said trench material, 
Said conductive material and Said metal line layer are each 
composed of Cu. 

14. The method of claim 1 wherein step (f) is carried out 
by chemical mechanical polishing. 

15. The method of claim 2 wherein after conducting step 
(f), Steps (ii)-(V) are repeated. 

16. The method of claim 1 wherein step (e) is omitted. 
17. The method of claim 1 wherein a metal or diamond 

like carbon is used in Step (d). 
18. The method of claim 17 wherein said metal is Ta, TaN, 

Ti or TN. 
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19. A wiring Structure comprising an electronic device 
containing at least one via level and at least one metal level, 
wherein Said via level is on top of Said metal level and Said 
levels are interconnected by a continuous, Single crystalline 
or polycrystalline conductive material. 

20. The wiring structure of claim 19 wherein said con 
tinuous, Single crystalline or polycrystalline material is 
composed of Cu. 

21. The wiring structure of claim 19 wherein said elec 
tronic device is a damascene or non-damascene device. 

22. The wiring structure of claim 19 wherein said con 
tinuous, Single crystalline or polycrystalline material con 
tains one or more twin boundaries. 

23. A multi-level wiring structure comprising an elec 
tronic device containing two or more metal levels and two 
or more via levels, wherein each metal level is Separated by 
a via level and Said levels are interconnected by a continu 
ous, Single crystalline or polycrystalline conductive mate 
rial. 

24. The multi-level wiring structure of claim 23 wherein 
Said continuous, Single crystalline or polycrystalline con 
ductive material is Cu. 

25. The multi-level wiring structure of claim 23 wherein 
Said continuous, Single crystalline or polycrystalline mate 
rial contains one or more twin boundaries. 


