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(57) ABSTRACT 
Disclosed is a method for manufacturing an interconnect 
structure situated on a semiconductor Wafer having a sub 
strate assembly thereon. The interconnect structure is 
formed in a recess such as a trench, a hole, a via, or a 
combination of a trench and a hole or via Within a dielectric 
material situated on the substrate assembly of the semicon 
ductor Wafer. At least one barrier layer is deposited Within 
the recess. A seed layer helping to promote nucleation, 
deposition, and groWth of a material that Will be used to ?ll 
up the recess is then deposited on the barrier layer. An 
electrically conductive layer is then formed upon the seed 
layer. An energy absorbing layer Will then be formed upon 
the conductor layer, Where the energy absorbing layer has a 
greater thermal absorption capacity than that of the electri 
cally conductive layer. The energy absorbing layer is heated, 
With or Without an applied heightened pressure, to cause the 
conductor layer to How so as to ?ll voids that have formed 
Within the dielectric structure. Following the steps of heating 
or heating and pressuriZing the energy absorbing layer, both 
the energy absorbing layer and a portion of the conductive 
layer situated above the dielectric structure are removed. 
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UTILIZATION OF ENERGY ABSORBING LAYER 
TO IMPROVE METAL FLOW AND FILL IN A 
NOVEL INTERCONNECT STRUCTURE 

[0001] This is a divisional patent application of US. Pat. 
application Ser. No. 08/801,812, ?led on Feb. 14, 1997, 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 

[0003] The present invention relates to a metalliZed inte 
grated circuit structure, and particularly to a metalliZed 
interconnect structure situated on a semiconductor substrate 
assembly and methods for making. 

[0004] 2. The Relevant Technology 

[0005] Current technology for metalliZation of an inte 
grated circuit involves the forming of a conductive layer 
over the integrated circuit. A typical metalliZation process is 
one that is performed at the “back end of the line” Which is 
after the formation of integrated circuits that are to be Wired 
by the metalliZation process. A single conductive layer is 
often formed so that it is situated above the integrated circuit 
to be Wired. After the conductive layer is formed, it is then 
patterned and etched into a shape of the desired Wiring 
necessary to metalliZe the integrated circuit. Since the con 
ductive layer is situated above the integrated circuit, the 
resultant metalliZation Will also be above the integrated 
circuit in a “Wiring up” scheme. 

[0006] Another type of metalliZation involves the forma 
tion of a conductive layer at least in part beloW the integrated 
circuit in a recess composed of an electrically insulative or 
dielectric material. Such a Wiring scheme may be described 
as a “Wiring doWn” scheme. The recess can be either a 

trench, a hole, or a via. Depending upon the aspect ratio of 
the recess, poor step coverage of the conductive layer Within 
the recess may result. Voids in the conductive layer Within 
the recess may also result When the conductive layer does 
not completely ?ll up the recess. Voids and poor step 
coverage can cause the integrated circuit to experience an 
electrical failure. The electrical failure can be experienced 
during fabrication of the integrated circuit or after a period 
of time that the integrated circuit has been in use, such as 
Where electrical contact With the conductive layer in the 
recess has been lost because the material of the conductive 
layer moves. 

[0007] It Would be an advantage in the art to overcome the 
problems of poor step coverage and voids. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the invention as embodied and 
broadly described herein, the present invention relates to the 
method for manufacturing an interconnect structure situated 
on a semiconductor Wafer having a substrate assembly 
thereon. Anovel interconnect structure is also disclosed. The 
term substrate assembly is intended herein to mean a sub 
strate having one or more layers or structures formed 

thereon. As such, the substrate assembly may be, by Way of 
eXample and not by Way of limitation, a doped silicon 
semiconductor substrate typical of a semiconductor Wafer. 

[0009] The interconnect structure is formed in a dielectric 
material situated on the substrate assembly of the semicon 
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ductor Wafer. The novel process forms the dielectric material 
into a recess having a speci?ed geometry shape. The shape 
formed in the dielectric material Will preferably be a recess 
therein. The recess can be a trench, a hole, a via, or a 
combination of a trench and a hole or via. The dielectric 
shape can be formed by processing the dielectric material by 
Way of dry etching or other recess-creating process. 

[0010] FolloWing the creation of the dielectric structure in 
the dielectric material, at least one diffusion barrier layer is 
formed over the dielectric structure. The diffusion barrier 
layer is at least partially conformably formed upon the 
dielectric structure. The material from Which the diffusion 
barrier layer is substantially composed is preferably selected 
from the group consisting of ceramics, metallics, and inter 
metallics. More preferably, the diffusion barrier layer is 
substantially composed of a material that is selected from 
the group consisting of aluminum nitride, tungsten nitride, 
titanium nitride, and tantalum nitride 

[0011] A seed layer is then formed upon the diffusion 
barrier layer. The seed layer helps to promote nucleation, 
deposition, and groWth of a material that Will be used to ?ll 
up the dielectric structure. The seed layer can also serve the 
purpose of increasing surface mobility of the barrier layer 
Which helps to make a desirable ?lling of the dielectric 
structure in the metalliZation process. Preferably, the mate 
rial from Which the seed layer is substantially composed is 
selected from the group consisting of ceramics, metallics, 
and intermetallics. More preferably, the material from Which 
the seed layer is composed is selected from the group 
consisting of aluminum, titanium nitride, titanium, and 
titanium aluminide. Additionally and by comparison, the 
diffusion barrier layer Will preferably be composed of a 
material having a melting point greater than or equal to that 
of the material from Which the seed layer is composed 

[0012] An electrically conductive layer is then formed 
upon the seed layer. The electrically conductive layer is the 
current carrier for electrical signals that Will communicate 
With an integrated circuit associated thereWith. Preferably, 
the electrically conductive layer is substantially composed 
of aluminum or copper. The material from Which the diffu 
sion barrier layer is composed Will preferably have a melting 
point greater than that of a material from Which the electri 
cally conductive layer is composed. The material from 
Which the seed layer is composed Will preferably have a 
melting point greater than or equal to that of the material 
from Which the electrically conductive layer is composed. 

[0013] An energy absorbing layer is then formed upon the 
conductor layer. The energy absorbing layer Will preferably 
have a greater thermal absorption capacity than that of the 
electrically conductive layer. Alternatively, the energy 
absorbing layer Will preferably being composed of a mate 
rial having a higher melting point than that of the material 
from Which the electrically conductive layer is composed. 
As another alternative, the energy absorbing layer Will 
preferably be composed of a material having both a higher 
thermal insulation capacity and electric insulation capacity 
than that of the material from Which the electrically con 
ductive layer is composed. 

[0014] The energy absorbing layer is heated to cause the 
conductor layer to How so as to ?ll voids that have formed 
Within the dielectric structure. In conjunction With the heat 
ing of the energy absorbing layer, a pressure above atmo 
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spheric pressure can be applied to the semiconductor sub 
strate assembly to better assist the process of causing the 
conductor layer to How so as to ?ll voids Within the 
dielectric structure. Preferably, the energy absorbing layer is 
substantially composed of a material selected from the group 
consisting of titanium, titanium nitride, tungsten, tungsten 
nitride, silicon nitride, silicon dioxide, tantalum, tantalum 
nitride, and carbon. 

[0015] FolloWing the steps of heating or heating and 
pressuriZing the energy absorbing layer, the energy absorb 
ing layer is removed, preferably by planariZing. The pla 
nariZing step may also remove a portion of the conductive 
layer situated above the dielectric structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A more particular description of the invention 
brie?y described above Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

[0017] FIG. 1 is a partial cross-sectional elevation and 
perspective vieW of a dielectric material that is situated upon 
a monocrystalline silicon layer of a semiconductor Wafer, 
the dielectric material having a dielectric structure formed 
therein that is shaped as a recess in the dielectric material, 
the recess featuring the combination of a hole extending to 
a trench in the dielectric material, the hole terminating at the 
monocrystalline silicon layer of the semiconductor Wafer. 

[0018] FIG. 2 is a partial perspective cross-sectional 
elevation vieW of a portion of FIG. 1, shoWing various 
interconnect structure, including a trench in the dielectric 
material, a hole in the dielectric material, and a combination 
thereof, each said interconnect structure having thereon one 
or more layers of each of a barrier layer, a seed layer, a 
conductive layer, and an energy absorbing layer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] FIG. 1 depicts a semiconductor substrate assembly 
10. A loWer substrate knoWn as a silicon layer 22 is formed 
in semiconductor substrate assembly 10, and a dielectric 
material 14 is upon silicon layer 22. LoWer substrate or 
silicon layer 22 de?nes a plane and comprises material 
selected from the group consisting of silicon dioxide, silicate 
glass and mixtures or derivatives thereof. A hole 18 having 
a cylindrical shape extends from silicon layer 22 to termi 
nate at a trench 20 formed in dielectric material 14. Trench 
20 is rectangular in cross-section. 

[0020] FIG. 2 shoWs a cross-section 12 seen FIG. 1. 
Another trench 32, and another hole 34 are also depicted. 
Trench 32 is not situated over a hole as is trench 20. FIG. 
2 also depicts a hole 34 having a triangular cross-section and 
extending from a top surface of dielectric material 14 to 
terminate at silicon layer 22. When ?led With materials for 
a metalliZation process and subsequently planariZed, holes 
18, 34, and trenches 20, 32 become interconnect structures 
in the metalliZation process as described beloW. 
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[0021] To initiate the metalliZation process, dielectric 
material 14 is formed upon silicon layer 22 by conventional 
processing, such as depositing doped or undoped oxide by 
various CVD processes, or by TEOS deposition. Next, 
dielectric material 14 has recesses formed therein, including 
for example holes 18, 34, and trenches 20, 32, the formation 
of Which is by conventional processing methods such as 
patterning and etching. 

[0022] After dielectric material 14 has been processed into 
the desired con?guration of recesses, the next step is to form 
a barrier layer 24 over the dielectric structure 16. Barrier 
layer 24 may be formed, by Way of example and not by Way 
of limitation, by multiple deposition of a material. The 
material from Which barrier layer 24 is composed preferably 
Will act as an adhesion layer for materials formed thereon, 
and also Will acts as a diffusion barrier to prevent the 
diffusion of material through barrier layer 24. 

[0023] Barrier layer 24 Will preferably be a substantially 
continuous coating of material over the recesses in dielectric 
material 14. Barrier layer 24 may be comprised of refractory 
metals or nitrides thereof, such as titanium, tungsten, tanta 
lum, titanium nitride, tungsten nitride, or tantalum nitride. 
Typically, barrier layer 24 is titanium and/or titanium nitride 
together. Barrier layer 24 can be particularly important in the 
areas Where holes 18, 34 extend past dielectric material 14 
to terminate at silicon layer 22. 

[0024] The next step, Which may be desirable in the 
inventive method depending upon the composition of mate 
rials used to ?ll the recesses in dielectric material 14, is to 
thermally process barrier layer 24. The thermal processing 
of barrier layer 24 helps to improve electrical contact of the 
interconnect structures being formed. For example, if tita 
nium is deposited, then it is desirable that a thermal process 
be performed. The thermal process Would preferably be 
heating the semiconductor substrate assembly in a nitrogen 
environment at a selected temperature at Which nitrides are 
formed on the surface of the titanium. If barrier layer 24 
comprises titanium or titanium nitride, argon may be used as 
the environment for thermal processing. In this example, 
titanium exposed to the nitrogen environment Would form 
titanium nitride and exposed silicon Would form silicon 
nitride. As the thermal process heats the semiconductor 
substrate assembly, titanium silicide Would form so as to 
create a desirable contact resistance With silicon layer 22. 

[0025] A seed layer 26 is formed over barrier layer 24 in 
the next step of the inventive method. The type of material 
used as seed layer 26 is dependant upon subsequent pro 
cessing. If some type of subsequent re?oW process is needed 
for later added layers, or even a CVD process is going to be 
used for the formation of seed layer 26, seed layer 26 Will 
preferably be formed prior to subsequent processing so as to 
clean barrier layer 24. The use of seed layer 26 provides a 
surface on barrier layer 24 that is substantially free of 
contaminates that may interfere With surface diffusion. Seed 
layer 26 promotes the deposition and groWth of a layer of 
material that Will be formed thereon. Additionally, seed layer 
26 Will preferably be the main conductor for current in the 
interconnect structure and Will promote surface mobility of 
materials formed thereon so as to ?ll the recesses in dielec 
tric material 14 is a desirable manner. 

[0026] By Way of example of materials and processes for 
formation of seed layer 26, a CVD tungsten process can be 
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used. When so processed there Will be a nucleation of seed 
layer 26 that Will be rich in both silicon and hydrogen, 
initially. The CVD tungsten process Will then preferably 
undergo a chemistry change in the middle thereof so as to 
become rich in heX?ouride such that a more pure form of 
tungsten material makes up seed layer 26. Those of ordinary 
skill in the art Will understand the selection of proper seed 
layer 26 compositions, Which selection may be done empiri 
cally utiliZing chemical potential differences and differences 
in diffusion characteristics of materials. 

[0027] The seed layer may also be made of titanium 
nitride, Which is preferred When aluminum is used in the 
interconnect structures. If so, the seed layer should be 
deposited in situ prior to ?lling the interconnect structures 
With aluminum so as to enable the aluminum to freely How 
and to avoid binding up the How of the aluminum. Multiple 
layers can be used to make up the seed layer, Which multiple 
layers Will preferably be deposited in a vacuum system and 
Will be composed, for eXample, of both titanium nitride 
and/or silicon. 

[0028] The neXt step in the inventive method is the for 
mation of a conductor layer 28. Conductor layer 28 Will 
preferably be composed of typical metalliZation conductor 
materials. For example, if a re?oW or a ?ll process With 
aluminum process is going to be used, then an aluminum and 
high pressure ?ll Would be used to substantially cover seed 
layer 26 in the recesses Within dielectric material 14. The 
composition of conductor layer 28 may depend on the aspect 
ratio of the recesses Within dielectric material 14. Aspect 
ratios beloW four (4) may not require a high pressure ?ll of 
the recesses. Another eXample of a conductor material is 
copper. 

[0029] When aluminum is used as conductor layer 28, the 
composition of barrier layer 24 Will preferably be selected to 
avoid a heat induced reaction of aluminum With silicon in 
silicon layer 22 so as to form tetrahedrons in the silicon, 
Wherein by a detrimental effect is realiZed. 

[0030] An energy absorbing layer 30 is then formed, 
preferably by deposition, upon conductor layer 28. Energy 
absorbing layer 30 retains thermal energy and comprises a 
material that has a higher thermal conductivity than con 
ductor layer 28. By Way of eXample and not limitation, if 
conductor layer 28 is composed of aluminum and energy 
absorbing layer 30 is composed of tungsten, the tungsten has 
a higher melting point that aluminum. This results in the 
tungsten retaining more energy. 

[0031] From a spectral point of vieW, if aluminum is used 
as conductor layer 28 and depending hoW the aluminum 
layer is deposited, it is possible to obtain something that is 
not as spectrally re?ective. A preferable characteristic of 
energy absorbing layer 30 is that it must be able to absorb 
more energy than the material that is used as conductor layer 
28. The purpose behind this requirement is that When 
challenging structures (e.g. recesses in dielectric material 14 
having aspect ratios greater than four (4) to one (1) are being 
formed Which are to be ?lled With a conductor, the conductor 
Will ?oW more freely to ?ll a recess When thermal energy is 
retained Within the conductor by a layer thereon that Will 
better retain such thermal energy. As such, the ?oWablility of 
the conductor is enhanced so that diffusion thereof into the 
recess is bettered. 

[0032] Enhancing the diffusion characteristics of the mate 
rial of the conductor is achieved by either volume diffusion 
or surface diffusion, each of Which are time and temperature 
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dependent. The temperature of the conductor is held high for 
at a longer period of time While underlying or overlying 
materials retain thermal energy. The formation of energy 
absorbing layer 30 on conductor layer 28 substantially 
retains thermal energy under an interfacial surface of energy 
absorbing layer 30 so that the thermal energy can diffuse into 
conductor layer 28. 

[0033] By Way of eXample, if conductor layer 28 is 
aluminum, energy absorbing layer 30 can be titanium 
nitride, tungsten, or even a dielectric substance. A layer of 
titanium nitride is less thermally conductive than aluminum. 
If conductor layer 28 is copper, eXamples of energy absorb 
ing layers 30 are tungsten, titanium nitride, tantalum or 
carbon. 

[0034] The neXt step of the inventive method is to apply 
energy to energy absorbing layer 30. The energy that is 
applied to energy absorbing layer 30 is transmitted to 
conductor layer 28. Conductor layer 28 is then able to How 
and ?ll voids that have formed in recesses Within dielectric 
material 14. With the voids removed, desirable step cover 
age of the recesses Within dielectric material 14, and desir 
able ?ll of the recesses is achieved. Examples of Ways to 
apply energy to energy absorbing layer 30 include, but are 
not limited to, lasers, tube furnaces, RTP or other kinds of 
radiant or thermal energy. Preferably, energy absorbing layer 
30 Will be heated. 

[0035] Apreferable step that folloWs the forgoing steps is 
the removal of materials from the semiconductor substrate 
assembly by an abrasive planariZing process, for eXample, 
chemical mechanical planariZing. Material Will be removed 
during the planariZing process until planariZation line 36 
seen in FIG. 2 is reached. The resulting interconnect struc 
tures have been metalliZed so as to be buried Within dielec 
tric material 14, and as such can be considered to be a 
metalliZation by “Wire-down” technology. Subsequent and 
conventional processing can then folloWing in the fabrica 
tion processing of the semiconductor substrate assembly. 

[0036] FIG. 2 shoWs a novel dual damescene structure 
depicted as hole 18 and trench 20 ?lled With each of barrier 
layer 24, seed layer 26, and conductor layer 28, Where trench 
20 has been planariZed at planariZation line 36. PlanariZation 
line 36 makes the metalliZation in an “inlaid” form. The tWo 
or “dual” metalliZation damescene structure is seen in the 
inlaid combination of both hole 18 and trench 20. The 
disclosed novel method is capable of desirable step coverage 
and being capable of ?lling in a recess Within a dielectric 
material having an aspect ratio greater than about four (4) to 
one As such, the novel process improves both the yield 
and reliability over conventional processes. 

[0037] The present invention may be embodied in other 
speci?c forms Without departing from its spirit or essential 
characteristics. The described embodiments are to be con 
sidered in all respects only as illustrated and not restrictive. 
The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. 
All changes Which come Within the meaning and range of 
equivalency of the claims are to be embraced Within their 
scope. 

What is claimed and desired to be secured by United States 
Letters Patent is: 
1. An interconnect structure comprising: 

a dielectric material over a semiconductor substrate and 

having a top surface; 
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a recess Within the dielectric material extending from the 
top surface of the dielectric material to the semicon 
ductor substrate and being ?lled With an electrically 
conductive material, the recess including: 

a ?rst portion having a uniform Width and extending 
Within the dielectric material to the top surface of the 
dielectric material; 

a second portion having a height and a uniform Width that 
is less than the Width of the ?rst portion and that is not 
greater then 25% of the height, the second portion 
extending from the semiconductor substrate to termi 
nate at the ?rst portion. 

2. The interconnect structure as de?ned in claim 1, 
Wherein the ?rst portion is a trench having a bottom surface 
that extends longitudinally parallel to the top surface of the 
dielectric material, and the second portion is a contact plug. 

3. The interconnect structure as de?ned in claim 1, 
Wherein the electrically conductive material comprises: 

a diffusion barrier layer in contact With the semiconductor 
substrate and the dielectric material; 

a seed layer upon the diffusion barrier layer and composed 
of a material having a melting point less than that of the 
material from Which the diffusion barrier layer is com 
posed and being selected from a group consisting of 
ceramics, metallics, and intermetallics; 

a conductor layer upon the seed layer; and 

an energy absorbing layer on the conductor layer that is 
composed of a material having both a higher thermal 
insulation capacity and electric insulation capacity than 
that of the material from Which the conductor layer is 
composed. 

4. The interconnect structure as de?ned in claim 3, 
Wherein the diffusion barrier layer is upon the top surface of 
the dielectric material. 

5. The interconnect structure as de?ned in claim 3 
Wherein the diffusion barrier layer is composed of a material 
selected from the group consisting of aluminum nitride, 
tungsten nitride, titanium nitride, and tantalum nitride. 

6. The interconnect structure as de?ned in claim 3, 
Wherein the seed layer is composed of a material selected 
from the group consisting of aluminum, titanium nitride, 
titanium, and titanium aluminide. 

7. An interconnect structure as de?ned in claim 3, Wherein 
the conductor layer is composed of a material selected from 
the group consisting of aluminum and copper. 

8. An interconnect structure as de?ned in claim 3, Wherein 
the material from Which the energy absorbing layer is 
substantially composed is selected from the group consisting 
of titanium, titanium nitride, tungsten, tungsten nitride, 
silicon nitride, silicon dioxide, tantalum, tantalum nitride, 
and carbon. 

9. An interconnect structure comprising: 

a loWer substrate situated on a semiconductor substrate 
assembly, said loWer substrate de?ning a plane; 

a dielectric material on the loWer substrate having a planar 
top surface; 

a recess Within said dielectric material, said recess includ 
ing a contact hole situated beloW a trench, said contact 
hole terminating at an end thereof at the loWer substrate 
and terminating at an opposite end thereof at said 
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trench, said contact hole being oriented substantially 
perpendicular to the plane of said loWer substrate, said 
trench extending from said opposite end of said contact 
hole to a top surface of said dielectric material, the 
trench extending substantially parallel to the plane of 
said loWer substrate; and 

an electrically conductive layer situated Within and ?lling 
both the contact hole and the trench and extending to 
terminate at the planar top surface of the dielectric 
material. 

10. The interconnect structure as de?ned in claim 9, 
Wherein the electrically conductive layer comprises: 

a diffusion barrier layer in contact With the loWer substrate 
and the dielectric material; 

a seed layer upon the diffusion barrier layer and composed 
of a material having a melting point less than that of the 
material from Which the diffusion barrier layer is com 
posed and being selected from a group consisting of 
ceramics, metallics, and intermetallics; 

a conductor layer upon the seed layer; and 

an energy absorbing layer on the conductor layer that is 
composed of a material having both a higher thermal 
insulation capacity and electric insulation capacity than 
that of the material from Which the conductor layer is 
composed. 

11. The interconnect structure as de?ned in claim 10, 
Wherein the contact hole has a height and a Width that is not 
greater than four times the height. 

12. An interconnect structure comprising: 

a loWer substrate situated on a semiconductor substrate 
assembly, said loWer substrate de?ning a plane; 

a dielectric material on the loWer substrate having a planar 
top surface; 

a recess Within said dielectric material, said recess com 
prising a contact hole situated beloW a trench, said 
contact hole terminating at an end thereof at the silicon 
layer and terminating at an opposite end thereof at said 
trench, said contact hole being oriented substantially 
perpendicular to the plane of said loWer substrate, said 
trench extending from said opposite end of said contact 
hole to a top surface of said dielectric material, the 
trench extending substantially parallel to the plane said 
loWer substrate; 

a diffusion barrier layer on the trench and the contact hole; 

a seed layer on the diffusion barrier layer, the diffusion 
barrier layer being composed of a material having a 
melting point greater than or equal to that of a material 
from Which the seed layer is composed; and 

an electrically conductive layer on the seed layer and 
extending to terminate at the planar top surface of the 
dielectric material, the material from Which the diffu 
sion barrier layer is composed having a melting point 
greater than that of a material from Which the electri 
cally conductive layer is composed, the material from 
Which the seed layer is composed having a melting 
point greater than or equal to that of the material from 
Which the electrically conductive layer is composed. 

13. An interconnect structure as de?ned in claim 12, 
Wherein the material from Which the diffusion barrier layer 
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is substantially composed is selected from the group con 
sisting of aluminum nitride, tungsten nitride, titanium 
nitride, and tantalum nitride. 

14. An interconnect structure as de?ned in claim 12, 
Wherein the material from Which the seed layer is substan 
tially composed is selected from the group consisting of 
aluminum, titanium nitride, titanium, and titanium alu 
minide. 

15. An interconnect structure as de?ned in claim 12, 
Wherein the material from Which the electrically conductive 
layer is substantially composed is selected from the group 
consisting of aluminum and copper. 

16. The interconnect structure as de?ned in claim 12, 
Wherein the contact hole has a height and a Width that is not 
greater than four times the height. 

17. An interconnect structure comprising: 

a monocrystalline silicon layer of a semiconductor sub 
strate assembly, said monocrystalline silicon layer 
de?ning a plane; 

a dielectric material on the monocrystalline silicon layer; 

a recess Within said dielectric material, said recess com 
prising a contact hole situated beloW a trench, said 
contact hole terminating at an end thereof at the silicon 
layer and terminating at an opposite end thereof at said 
trench, said contact hole being oriented substantially 
perpendicular to the plane of said monocrystalline 
silicon layer, said trench eXtending from said opposite 
end of said contact hole to a top surface of said 
dielectric material, the trench extending substantially 
parallel to the plane of said monocrystalline silicon 
layer; 
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a diffusion barrier layer on the trench and the contact hole, 
the diffusion barrier layer being substantially composed 
of a material selected from the group consisting of 
aluminum nitride, tungsten nitride, titanium nitride, and 
tantalum nitride; 

a seed layer on the diffusion barrier layer, the seed layer 
being substantially composed of a material selected 
from the group consisting of aluminum, titanium 
nitride, titanium, and titanium aluminide, the material 
from Which the diffusion barrier layer is composed 
having a melting point greater than or equal to that of 
the material from Which the seed layer is composed; 
and 

an electrically conductive layer on the seed layer and 
eXtending to terminate at the planar surface of the 
dielectric material, the material from Which the diffu 
sion barrier layer is composed having a melting point 
greater than that of the material from Which the elec 
trically conductive layer is composed, the material 
from Which the seed layer is composed having a 
melting point greater than or equal to that of the 
material from Which the electrically conductive layer is 
composed, the material from Which the electrically 
conductive layer is substantially composed being 
selected from the group consisting of aluminum and 
copper. 

18. An interconnect structure recited in claim 17, Wherein 
the contact hole has an aspect ratio greater than about 4 to 
1. 


