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(57) ABSTRACT 

Integrated circuits, the key components in thousands of 
electronic and computer products, include interconnected 
networks of electrical components. The components are 
typically wired, or interconnected, together with aluminum 
wires. In recent years, researchers have begun using copper 
instead of aluminum to form integrated-circuit wiring, 
because copper o?‘ers lower electrical resistance and better 
reliability at smaller dimensions. However, copper typically 
requires use of a diifusion barrier to prevent it from con 
taminating other parts of an integrated circuit. Unfortu 
nately, typical diifusion barrier materials add appreciable 
resistance to the copper wiring, and thus negate some 
advantages of using copper. Moreover, conventional meth 
ods of forming the copper wiring are costly and time 
consuming. Accordingly, the inventors devised one or more 
exemplary methods for making integrated-circuit wiring 
from materials, such as copper-, silver-, and gold-based 
metals. One exemplary method removes two or more masks 
in a single removal procedure, forms a low-resistance dif 
fusion barrier on two or more wiring levels in a single 
formation procedure, and ?lls insulative material around and 
between two or more wiring levels in a single ?ll procedure. 
This and other embodiments hold the promise of simplifying 
fabrication of integrated-circuit wiring dramatically. 
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METHODS FOR MAKING INTEGRATED-CIRCUIT 
WIRING FROM COPPER, SILVER, GOLD, AND 

OTHER METALS 

RELATED APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 09/484,303, ?led Jan. 18, 2000, Which is 
incorporated herein be reference. 

TECHNICAL FIELD 

[0002] The present invention concerns methods of semi 
conductor device or integrated circuit manufacturing, par 
ticularly methods of forming interconnects from copper and 
other metals. 

BACKGROUND OF THE INVENTION 

[0003] Integrated circuits, the key components in thou 
sands of electronic and computer products, are intercon 
nected netWorks of electrical components fabricated on a 
common foundation, or substrate. Fabricators typically use 
various techniques, such as layering, doping, masking, and 
etching, to build thousands and even millions of microscopic 
resistors, transistors, and other electrical components on a 
silicon substrate, knoWn as a Wafer. The components are 
then Wired, or interconnected, together With aluminum Wires 
to de?ne a speci?c electric circuit, such as a computer 
memory. The aluminum Wires are typically about one 
micron thick, or about 100 times thinner than a human hair. 

[0004] To form the aluminum Wires, fabricators some 
times use a dual-damascene metalliZation technique, Which 
takes its name from the ancient Damascan metalWorking art 
of inlaying metal in grooves or channels to form ornamental 
patterns. The dual-damascene technique entails covering the 
components on a Wafer With an insulative layer of silicon 
dioxide, etching small holes in the insulative layer to expose 
portions of the components underneath, and subsequently 
etching shalloW trenches from hole to hole to de?ne a Wiring 
pattern. 

[0005] Etching the trenches and holes entails forming a 
mask, using photolithographic techniques, on the insulative 
layer. The masks, Which typically consists of a material 
called photoresist, shields some portions of the insulative 
layer from the etchant and alloWs the etchant to dissolve 
aWay other portions. After etching, fabricators remove the 
mask to expose the patterned insulative layer. They then 
blanket the entire insulative layer With a thin sheet of 
aluminum and polish off the excess, leaving behind alumi 
num vias, or contact plugs, in the holes and thin aluminum 
Wires in the trenches. 

[0006] The complexity of some integrated circuits demand 
several interconnected levels of Wiring. Some circuits, such 
as microprocessors, have ?ve or six interconnected levels, 
With each level formed by repeating the basic dual-dama 
scene produce. For example, to form a second Wiring level, 
fabricators apply a neW insulative layer over the ?rst Wiring 
layer, form another mask on the neW layer, etch holes and 
trenches into the neW layer, remove the mask, blanket the 
neW layer With aluminum, before ?nally polishing off the 
excess to complete it. 

[0007] In recent years, researchers have begun using cop 
per instead of aluminum to form integrated-circuit Wiring, 
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because copper o?fers loWer electrical resistance and better 
reliability at smaller dimensions. Fabrication of copper 
Wired integrated circuits sometimes folloWs an extension of 
the dual-damascene method Which includes an additional 
step of lining the holes and trenches of an insulative layer 
With a copper-diffusion barrier before blanketing the layer 
With copper and polishing off the excess. (The diffusion 
barrier is generally necessary because copper atoms readily 
di?fuse through common insulators, such as silicon dioxide, 
resulting in unreliable or inoperative integrated circuits.) 
Typically, the copper-diffusion barrier is more than 30 
nanometers thick and consists of tantalum, tantalum nitride, 
tantalum-silicon-nitride, titanium nitride, or tungsten nitride. 
Filling the barrier-lined holes and trenches With copper 
generally entails depositing a thin copper seed layer on the 
copper-diffusion barrier, electroplating copper on the seed 
layer, and then polishing off the excess. 

[0008] The present inventors identi?ed at least tWo prob 
lems With using the extended dual-damascene technique for 
making the copper Wiring. The ?rst is that typical copper 
dilfusion barriers add appreciable resistance to the copper 
Wiring, and thus negate some promised performance advan 
tages. And, the second is that the number of separate 
procedures or steps necessary to make the copper Wiring 
using the extended technique makes fabrication both costly 
and time consuming. 

[0009] Accordingly, there is a need for better Ways of 
making copper Wiring for integrated circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional vieW of an exemplary 
integrated-circuit assembly 100, including tWo transistors 
214a and 21419 and a mask layer 216 With via holes 216a and 
216b, and a trench 216c; 

[0011] FIG. 2 is a cross-sectional vieW of the FIG. 1 
assembly after formation of conductive structure 218 Within 
holes 216a and 21619 and trench 216c; 

[0012] FIG. 3 is a cross-sectional vieW of the FIG. 2 
integrated-circuit assembly after formation of a mask layer 
220 on conductive structure 218; 

[0013] FIG. 4 is a cross-sectional vieW of the FIG. 3 
assembly after formation of a conductive structure 222 on 
mask layer 220; 

[0014] FIG. 5 is a cross-sectional vieW of the FIG. 4 
assembly after removal of mask layers 116 and 220 to de?ne 
space 224; 

[0015] FIG. 6 is a cross-sectional vieW of the FIG. 5 
assembly after forming a diffusion-barrier 226 on conduc 
tive structures 218 and 222; 

[0016] FIG. 7 is a cross-sectional vieW of the FIG. 6 
assembly after ?lling space 224 With one or more insulative 
materials to form a tWo-level insulative structure 228; 

[0017] FIG. 7A is a cross-sectional taken along line 7A-7A 
of FIG. 7; 

[0018] FIG. 8 is a block diagram of an exemplary inte 
grated memory circuit Which incorporates the present inven 
tion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The following detailed description, Which refer 
ences and incorporates FIGS. 1-8, describes and illustrates 
speci?c embodiments of the invention. These embodiments, 
offered not to limit but only to exemplify and teach the 
concepts of the invention, are shoWn and described in 
su?icient detail to enable those skilled in the art to imple 
ment or practice the invention. Thus, Where appropriate to 
avoid obscuring the invention, the description may omit 
certain information knoWn to those of skill in the art. 

[0020] FIGS. 1-7 shoW a number of cross-sectional vieWs 
of a partial integrated-circuits assembly 100, Which taken 
collectively and sequentially, illustrate a unique exemplary 
method of making integrated circuits, and more particularly 
making integrated-circuit Wiring in accord With teachings of 
the present invention. The method, as shoWn in FIG. 1, 
begins With a knoWn integrated-circuit assembly or structure 
100, Which can exist Within any integrated circuit, a 
dynamic-random-access memory, for example. Assembly 
100 includes a substrate 212. The term “substrate,” as used 
herein, encompasses a semiconductor Wafer as Well as 
structures having one or more insulative, conductive, or 
semiconductive layers and materials. Thus, for example, the 
term embraces silicon-on-insulator, silicon-on-sapphire, and 
other advanced structures. 

[0021] Substrate 212 supports a number of integrated 
elements 214, for example transistors 214a and 214b. Tran 
sistors 214a and 21419 are covered by a mask layer 216, 
Which, for example, comprises photoresist. In the exemplary 
embodiment, the transistors are metal-oxide-semiconductor 
?eld-effect transistors (MOSFETs); hoWever, in other 
embodiments, the transistors are other types of ?eld-effect 
transistors or bipolar junction transistors, or mixed transistor 
types. Still other embodiments use other types of integrated 
devices. 

[0022] Layer 216 includes tWo exemplary via holes 216a 
and 21619 positioned over respective contact regions (not 
shoWn) of transistors 214a and 21419 and a trench 216c 
connecting the via holes. The exemplary embodiment forms 
layer 216 from photoresist, through use of spincoating, 
lithography, and photoresist remover. Some embodiments 
use plasma ashing to pattern the photoresist. Also, in the 
exemplary embodiment, via holes 216a and 21619 are cylin 
drical With diameters of about 1000 nanometers and depths 
of about 500 nanometers. Trench 2160 is less than 0.50 
microns Wide and at least one micron deep. The invention, 
hoWever, is not limited to any particular mask material, 
formation technique, geometry, or dimensions. 

[0023] FIG. 2 shoWs that the exemplary method next 
forms a conductive structure 218 on mask 216, With one or 
more portions of the conductive structure contacting one or 
more exposed portions of the transistors. In the exemplary 
embodiment, this entails depositing a 20-30-nanometer 
thick copper-, silver-, or gold-based seed layer (not shoWn 
separately) using a chemical-vapor-deposition, ioniZed 
magnetron sputtering technique, or DC magnetron self 
sputtering technique, and then electroplating additional cop 
per-, silver-, or gold-based material on the seed layer to a 
total thickness of, for example, 0.5 microns. (As used herein, 
a copper-, silver-, or gold-based material includes at least 25 
Weight-percent of the base material.) An exemplary chemi 
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cal-vapor-deposition technique folloWs a procedure such as 
that described in Y. SenZaki, “Chemical Vapor Deposition of 
Copper Using a NeW Liquid Precursor With Improved 
Thermal Stability,” MRS Conference Proceedings of 
Advanced MetalliZation and Interconnect Systems for ULSI 
Applications in 1997, ULSI XIII, P. 451-455, 1998, Which is 
incorporated herein by reference. This procedure yields 
copper ?lms at a typical deposition rate of 150-170 nanom 
eters per minute at Wafer temperatures of 195-2250 C. The 
resistance of these ?lms is in the range of 2.0 micro-ohm 
centimeter after annealing at 4000 C. for ?ve minutes. 

[0024] Exemplary ioniZed sputtering technique and d-c 
magnetron sputtering techniques folloW procedures similar 
to those outlined in S. M. Rossnagel et al., Metal Ion 
Deposition from IoniZed Magnetron Sputtering Discharge,” 
J. Vac. Sci. Technology B, 12(1), p. 449-453, 1994. And Z. 
J. RadZimski et al, “Directional Copper Deposition using 
D-C Magnetron Self-sputtering,” J. Vac. Sci Technology B 
16(3), p. 1102-1106, 1998. Exemplary conditions for the 
ionized-magnetron sputtering operation are: target poWer 
range of 10-30 kiloWatts for a 200-300 millimeter diameter 
Wafer (or integrated-circuit assembly), RF coil poWer at 3-5 
kiloWatts, negative DC bias of 100-200 volts, sputtering 
argon gas pressurized at 1-35 millitorrs. Ionized-magnetron 
sputtering, Which provides greater acceleration of the metal 
deposition material than conventional sputtering, forces the 
sputtered material to more closely conform to the interior 
pro?les of holes and trenches of the targeted surface. 
[0025] Notably, the exemplary embodiment omits forma 
tion of an adhesion layer to promote adhesion of copper (or 
other materials) to the mask layer. Some embodiments use 
a 20-50 nanometer-thick layer of titanium nitride (TiN) over 
the transistor contacts as an adhesion layer and a diffusion 
barrier. HoWever, other embodiments provide an adhesion 
layer of titanium nitride. After depositing the conductive 
material, the exemplary method removes excess material, 
for example, using a chemical-mechanical planariZation or 
polishing procedure. 
[0026] Next, as FIG. 3 shoWs, the exemplary method 
forms a mask layer 220 over conductive structure 218. Mask 
layer 220 includes an opening (via) 22011 which exposes a 
portion of conductive structure 218 and a trench 2201) Which 
intersects opening 220a. Exemplary formation of conductive 
structure folloWs a procedure similar to that used to form 
mask layer 216 and occurs With at least a portion of mask 
layer 216 still in place. 
[0027] FIG. 4 shoWs that the exemplary method next 
forms a conductive structure 222 on mask 216, With portions 
of structure 222 contacting exposed portions of conductive 
structure 218. In the exemplary embodiment, this entails 
depositing a 20-30-nanometer-thick copper-, silver-, or 
gold-based seed layer and electroplating additional copper-, 
silver-, or gold-based material to an exemplary thickness of 
0.5 microns. Excess material is then removed using a 
chemical-mechanical planariZation or polishing procedure. 
Subsequently, one or more higher-level conductive struc 
tures can be formed similarly. FIG. 5 shoWs that after 
forming conductive structure 222, the method removes at 
least a portion of mask structures 216 and 220, de?ning one 
or more spaces or voids 224 around conductive structures 
218 and 222. Without the surrounding masks, conductive 
structures 218 and 222 appears as a tWo-level airbridge. The 
exemplary embodiment removes substantially all of the 
mask structures by ashing them in an oxygen plasma. 

[0028] After removal of the mask structures, the exem 
plary method forms a diffusion barrier 226 on at least 
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portions of conductive structures 218 and 222. In the exem 
plary embodiment, this entails growing or depositing a 
tWo-to-six nanometer-thick layer of WSiN over substantially 
all of conductive structures 218 and 222. Exemplary forma 
tion of this layer of WSiN occurs Within a hybrid reaction 
chamber such as that described in co-?led and co-assigned 
patent application entitled Methods and Apparatus for Mak 
ing Copper Wiring in Integrated Circuits. This application, 
attorney docket 303.618US1 (99-0469), is incorporated 
herein by reference. 

[0029] More particularly, exemplary formation of diffu 
sion barrier 226 entails forming a graded composition of 
tungsten silicide (WSiX), With x varying from 2.0 to 2.5. This 
entails heating the assembly to a temperature of 360° C. and 
introducing hydrogen, tungsten hexa?uoride, and silane 
gases into a process chamber enclosing the assembly. The 
exemplary embodiment introduces the hydrogen and tung 
sten hexa?ouride gases about one-to-three seconds before 
introducing the silane gas and stops introducing the silane 
gas about one-to-three seconds before stopping introduction 
of the hydrogen and tungsten hexa?ouride. Exemplary ?oW 
rates for the silane and tungsten hexa?ouride gases are 
respectively 1000 sccm and 14 sccm. These How rates result 
in a composition of WSi2_3, With a groWth rate of approxi 
mately 50 nanometers per minute. 

[0030] To complete the diffusion barrier, the exemplary 
method nitrides the graded composition of WSiX, forming 
WSiXNy. The exemplary nitridation folloWs an electron 
cyclotron-resonance (ECR) plasma nitridation procedure. 
One version of this procedure is described in A. Hirata et al., 
WSiN Diffusion Barrier Formed by ECR Plasma Nitridation 
for Copper Damascene Interconnection, Extended Abstracts 
of 1998 International Conference on Solid State Devices and 
Materials, p. 260-261, Which is incorporated herein by 
reference. This entails introducing nitrogen gas and argon 
gas into the chamber, With the argon gas exciting a plasma. 
In the exemplary embodiment, the WSiXNy is not a com 
pound-forming barrier, but a stuffed barrier, Which prevents 
diffusion by stuf?ng nitrogen atoms into diffusion paths, 
such as interstitial sites, Within the tungsten silicide. Other 
embodiments uses diffusion barriers having different com 
positions and thicknesses, and some entirely omit a diffusion 
barrier. 

[0031] FIG. 7 shoWs that after completion of diffusion 
barrier 226, the exemplary method ?lls at least a portion of 
the remainder of space 224 (denoted 224' in FIG. 6) With one 
or more insulative materials to form a tWo-level insulative 
structure 228. The exemplary embodiment ?lls substantially 
all of space 224, Which Was previously occupied by mask 
structures 216 and 220, With a single dielectric material 
using a single procedure. More particularly, the exemplary 
embodiment vapor deposits a silicon oxide, such as SiO2, or 
loW-k (that is, loW-dielectric-constant) materials, such as 
xerogels or aerogels. Various methods, such as physical 
vapor deposition, chemical-vapor deposition, spin-coating, 
sol-gel procedures, and so forth can be used to apply these 
dielectrics. 

[0032] FIG. 8 shoWs one example of the unlimited number 
of applications for one or more embodiments of the present 
invention: a generic integrated memory circuit 600. Circuit 
600, Which operates according to Well-knoWn and under 
stood principles, is generally coupled to a processor (not 
shoWn) to form a computer system. More precisely, circuit 
600 includes a memory array 642 Which comprises a number 
of memory cells 643a-643d, a column address decoder 644, 
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and a roW address decoder 645, bit lines 646, Word lines 647, 
and voltage-sense-ampli?er circuit 648 coupled to bit lines 
646. 

[0033] In the exemplary embodiment, each of the memory 
cells, the address decoders, and the ampli?er circuit includes 
one or more copper-, silver, or gold-based conductors 
according to the present invention. Other embodiments, use 
conductors of other materials, made in accord With one or 
more methods of the present invention. In addition, connec 
tions betWeen the address decoders, the memory array, the 
ampli?er circuit are implemented using similar intercon 
nects. 

CONCLUSION 

[0034] In furtherance of the art, the inventors have one or 
more exemplary methods for making integrated-circuit Wir 
ing from materials, such as copper-, silver-, and gold-based 
metals, some of Which alloW fabrication of Wiring With 
feWer steps and loWer electrical resistance than some con 
ventional methods. One exemplary method initially forms a 
?rst mask and a ?rst metal structure on the ?rst mask and 
then forms a second mask and a second metal structure on 
the second mask, With the ?rst mask and ?rst metal structure 
still in place. Continuing, this exemplary method removes 
both masks in a single removal procedure, forms a diffusion 
barrier to both metal structures in a single formation proce 
dure, and ?lls insulative material in and around both metal 
structures in a single ?ll procedure. Applying one or more 
procedures across multiple Wiring levels, as in this embodi 
ment, ultimately precludes the necessity of applying these 
procedures separately to each Wiring level and thus promises 
to simplify fabrication. 

[0035] The embodiments described above are intended 
only to illustrate and teach one or more Ways of practicing 
or implementing the present invention, not to restrict its 
breadth or scope. The actual scope of the invention, Which 
embraces all Ways of practicing or implementing the inven 
tion, is de?ned only by the folloWing claims and their 
equivalents. 

What is claimed: 

1. A method of making integrated circuits, comprising: 

forming a ?rst mask layer having a ?rst plurality of 
openings in an insulator layer having a speci?ed ver 
tical thickness on a semiconductor substrate having at 
least one transistor structure, at least one of the plurality 
of openings extending completely through the insulator 
layer to selected contact portions of the transistor; 

forming a ?rst conductive material layer on the ?rst mask 
layer and inside each one of the ?rst plurality of 
openings; 

forming a second mask layer having a second plurality of 
openings, at least one openings exposing a portion of 
the ?rst conductive material layer; 

forming a second conductive material layer disposed upon 
the ?rst conductive material and extending upWard to a 
top surface of the second mask layer; 

forming a third mask layer having a third plurality of 
openings, at least one opening exposing a portion of the 
second conductive material layer; and 
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forming a third conductive material layer disposed upon 
the second conductive material and extending upWard 
to a top surface of the third mask layer. 

2. The method of claim 1, Wherein forming the ?rst and 
second plurality of openings includes at least one opening 
having a length at least ?ve times longer than a Width to form 
a trench. 

3. The method of claim 2, Wherein forming a trench 
includes the trench having a depth that does not extend 
completely through the mask layer, and having a horizontal 
extent to contact at least one of the plurality of openings 
extending completely through the insulator layer to selected 
contact portions of the transistor. 

4. The method of claim 1, Wherein the insulator layer has 
a thickness of Zero. 

5. The method of claim 1, Wherein forming the ?rst mask 
layer includes coating the semiconductor substrate and insu 
lator layer With a photosensitive polymer layer. 

6. The method of claim 1, Wherein forming the ?rst mask 
layer includes removing an exposed portion of the insulator 
layer. 

7. The method of claim 1, Wherein forming the ?rst mask 
layer includes coating the semiconductor substrate and insu 
lator layer With a ?rst photosensitive polymer layer, expos 
ing the ?rst photosensitive polymer layer to a ?rst optical 
pattern of light and dark areas, developing the ?rst pattern to 
form voids in the ?rst photosensitive layer, baking the ?rst 
photosensitive layer, coating the ?rst photosensitive layer 
With a second photosensitive polymer layer, exposing the 
second photosensitive polymer layer to a second pattern of 
light and dark areas different from the ?rst pattern, devel 
oping the second pattern to form voids in the second 
photosensitive layer, and baking the second photosensitive 
layer to form the ?rst mask layer. 

8. The method of claim 1, Wherein forming the openings 
extending completely through the insulator layer to selected 
contact portions of the transistor includes forming a diffu 
sion barrier on the selected contact portions of the transistor 
betWeen the transistor contact areas and the ?rst conductive 
material layer. 

9. The method of claim 1, Wherein the second plurality of 
openings is at least partially different from the ?rst plurality 
of openings. 

10. The method of claim 1, Wherein the second plurality 
of openings has a diffusion barrier formed prior to the 
formation of the second conductive material layer disposed 
upon the ?rst conductive material. 

11. The method of claim 1, further including forming a 
plating seed layer after the formation of the ?rst plurality of 
openings and prior to the formation of the ?rst conductive 
material layer. 

12. The method of claim 1, Wherein further forming the 
?rst conductive material layer includes electroplating to a 
thickness approximately equal to the ?rst mask layer. 

13. The method of claim 1, further including removing 
substantially all of the ?rst, second and third mask layers 
resulting in at least some portions of the ?rst second and 
third conductive material layers being surrounded by a gas 
on a top, a bottom and side areas. 

14. The method of claim 13, further including forming a 
diffusion barrier layer on substantially all portions of the 
?rst, second and third conductive materials not contacting 
one of the selected portions of the transistor, one of the other 
conductive material layers, and the insulator layer. 
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15. The method of claim 14, further including forming a 
dielectric layer surrounding substantially all portions of the 
?rst, second and third conductive materials not contacting 
one of the selected portions of the transistor, one of the other 
conductive material layers, and the insulator layer. 

16. The method of claim 13, Wherein the ?rst, second and 
third mask layers are formed of a photosensitive polymer 
layer and the method of removing substantially all of the 
?rst, second and third mask layers includes an oxygen 
plasma operation. 

17. The method of claim 16, Wherein the oxygen plasma 
removes the ?rst, second and third mask layers in a single 
operation. 

18. A method, comprising: 

a step for forming a conductive structure; 

a step for forming a diffusion-barrier lining around the 
conductive structure after forming the conductive 
structure; and 

a step for forming an insulative structure around the 
conductive structure after forming the diffusion-barrier 
lining. 

19. The method of claim 18, Wherein the conductive 
structure is formed on a surface of a semiconductor substrate 
by electroplating a conductive material on a patterned photo 
resist layer forming contact holes to the substrate. 

20. The method of claim 19, further including a step of 
forming a seed layer on the patterned photo-resist layer prior 
to electroplating. 

21. The method of claim 20, further including electro 
plating for a time period sufficient for a thickness of the 
conductive material to substantially equal a thickness of the 
photo-resist layer. 

22. The method of claim 18, further including forming the 
conductive structure by one of sputtering and evaporation of 
a conductive material on a patterned photo-resist layer 
forming contact holes to the substrate, and chemical 
mechanical polishing of the conductive material to result in 
the top surface of the conductive material being substantially 
level With a top surface of the photo-resist layer. 

23. The method of claim 21, further including removal of 
the patterned photo-resist layer to result in an air bridge 
conductor arrangement. 

24. The method of claim 23, further including removing 
the patterned photo-resist by a plasma oxygen operation. 

25. The method of claim 18, Wherein forming the diffu 
sion barrier layer includes forming a layer of tungsten 
silicide in contact With a majority of the top, side and bottom 
surfaces of the conductive structure. 

26. The method of claim 25, Wherein the diffusion barrier 
layer includes forming a graded composition of tungsten 
silicon nitride With the nitrogen composition varying from 
substantially Zero at an interface of the diffusion barrier With 
the conductive material. 

27. The method of claim 26, Wherein the diffusion barrier 
is formed by introducing tungsten hexa?uoride and hydro 
gen gas into a processing chamber at a selected temperature 
and pressure, introducing silane gas into the processing 
chamber after the tungsten hexa?uoride gas has substantially 
?lled the processing chamber, and terminating the How of 
silane before terminating the How of the tungsten hexa?uo 
ride. 

28. The method of claim 18, Wherein the conductive 
material is selected from at least one of gold, silver, copper, 
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titanium, tungsten, alloys thereof, silicides thereof, nitrides 
thereof, and combinations thereof. 

29. The method of claim 19, Wherein forming an insula 
tive structure around the conductive structure after forming 
the diffusion-barrier lining includes providing a liquid 
dielectric material and thermally treating the dielectric mate 
rial to form a solid dielectric substantially surrounding all 
portions of the conductive structure not in direct contact 
With the substrate. 

30. The method of claim 18, further including at least a 
second conductive structure disposed upon the ?rst conduc 
tive structure forming a tWo layer air bridge arrangement, 
and the diffusion-barrier lining formed around all the con 
ductive structures, substantially covering all exposed por 
tions. 

31. Amethod of making an integrated circuit, comprising: 

a step for forming a ?rst mask layer in an integrated 
circuit assembly having a ?rst plurality of openings; 

a step for forming a second mask layer having a second 
plurality of openings; 

a step for forming a ?rst conductive material layer having 
a thickness of from 20 to 30 nanometers in the ?rst and 
second plurality of openings; 

a step for forming a second conductive material layer 
having a thickness of from 300 to 600 nanometers upon 
the ?rst conductive material and extending upWard to a 
top surface of the second mask layer; 

a step for forming a third mask layer having a third 
plurality of openings; 

a step for forming a fourth mask layer With a fourth 
plurality of opening; 

a step for forming a third conductive material having a 
thickness of from 20 to 30 nanometers in the third and 
fourth plurality of openings and contacting the second 
conductive material; 

a step for forming a fourth conductive material having a 
thickness of from 300 to 600 upon the third conductive 
material and extending upWard to a top surface of the 
fourth mask layer; 

a step for removing substantially all of the mask layers; 
and 

a step for forming a diffusion barrier layer on substantially 
all portions of the conductive materials not directly in 
contact With one of the integrated circuit and portions 
of other ones of the conductive materials. 

32. The method of claim 31, further including forming at 
least some of the ?rst plurality of openings to portions of the 
integrated circuit. 

33. The method of claim 31, Wherein removing substan 
tially all of the mask layers is performed in a single 
operation including at least one of plasma ashing, plasma 
etching, solvent striping, chemical dissolution and thermal 
decomposition. 

34. The method of claim 31, Wherein the removing 
operation creates a void betWeen a majority of all surfaces 
of the conductive materials, and the void is substantially 
?lled With at least one of an aerogel, silicon dioxide, xerogel, 
polyimide, siloxanes and silicon oxynitrides. 
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35. The method of claim 31, further including forming an 
adhesion promoter layer prior to forming the second con 
ductive material. 

36. The method of claim 35, Wherein the adhesion pro 
moter layer includes titanium nitride. 

37. The method of claim 31, Wherein the forming of at 
least one of the conductive material layers includes at least 
one of sputter deposition, ioniZed magnetron sputtering, DC 
magnetron sputtering, evaporation deposition, chemical 
vapor deposition, electroplating, electroless plating and 
chemical-mechanical polishing, and Wherein at least one 
conductive material is selected from at least one of gold, 
silver, copper, titanium, tungsten, alloys thereof, silicides 
thereof, nitrides thereof, and combinations thereof. 

38. A method of making an integrated circuit, comprising: 

a step for forming a ?rst Wiring level in an integrated 
circuit assembly; 

a step for forming a second Wiring level in the integrated 
circuit assembly; and 

a step for forming a diffusion barrier layer around at least 
a portion of the ?rst and second Wiring levels in a single 
barrier formation procedure. 

39. The method of claim 38, further including forming the 
?rst and second Wiring levels as air bridges having substan 
tially all the top, bottom, and side surfaces of the Wiring 
exposed to a gas. 

40. The method of claim 38, further including forming the 
diffusion barrier layer on substantially all the top, bottom, 
and side surfaces of the Wiring. 

41. The method of claim 38, Wherein the ?rst and second 
Wiring layers are formed by embedding a conductive mate 
rial in holes and trenches formed in a patterned photo-resist 
layer. 

42. The method of claim 41, further comprising forming 
the ?rst and second Wiring layers by sputtering the conduc 
tive material, and planariZing the conductive material by 
chemical mechanical polishing to a level approximately 
equal to a top surface of the patterned photo-resist layer. 

43. The method of claim 38, Wherein the ?rst and second 
Wiring layers are formed by electroplating a conductive 
material in holes and trenches formed in a patterned photo 
resist layer. 

44. The method of claim 43, further comprising termi 
nating the electroplating operation When a thickness of the 
conductive material is approximately equal to a thickness of 
the patterned photo-resist layer. 

45. The method of claim 44, further comprising removing 
the patterned photo-resist layers in a single operation. 

46. The method of claim 45, Wherein further, after remov 
ing the patterned photo-resist layers, forming the diffusion 
barrier surrounding substantially the entirety of a top, a 
bottom and a side portion of the ?rst and second Wiring 
levels in a single operation. 

47. The method of claim 46, Wherein further, a void 
formed by the removing of the patterned photo-resist layers 
is substantially ?lled With at least one of an aerogel, silicon 
dioxide, xerogel, polyimide, siloxanes and silicon oxyni 
trides. 


