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(57) ABSTRACT 

The present invention pertains to a semiconductor device 
microstructure, and to a method of forming that microstruc 
ture, which reduces or prevents junction spiking and to a 

method of forming that microstructure. In particular, a 
semiconductor contact microstructure comprises a feature 
which includes a silicon base and at least one sidewall 
extending upward from the silicon base. The sidewall 
includes a silicon portion in contact with the silicon base, 
where the height of the silicon portion of the sidewall above 
the silicon base is typically less than about 0.5 pm. The 
sidewall also includes at least one portion which comprises 
a ?rst dielectric material which is in contact with (and 
typically extends upward from) the silicon portion of the 
sidewall. Overlying at least the silicon portion of the side 
wall is a layer of a second dielectric material, preferably 
silicon oxide. Typically, a diffusion barrier layer overlies the 
silicon base, the layer of second dielectric material, and at 
least part of the sidewall portion which is comprised of the 
?rst dielectric material. The method comprises the steps of: 
a) providing a semiconductor device feature which includes 
a silicon base and at least one sidewall extending upward 
from the silicon base, where the sidewall includes at least 
one silicon portion in contact with the silicon base, and 
another portion comprising a ?rst dielectric material which 
is in contact with the silicon portion of the sidewall; and b) 
creating a layer of a second dielectric material, preferably 
silicon oxide, over the at least one silicon sidewall portion. 
The method may include additional steps: c) sputter etching 
to remove dielectric material from the surface of the silicon 
base; and d) applying a diffusion barrier material over the 
silicon base, the layer of second dielectric material, and at 
least a portion of the sidewall comprising the ?rst dielectric 
material. Typically, both the ?rst and second dielectric 
materials are silicon oxide. 
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METHOD OF REDUCING JUNCTION SPIKING 
THROUGH A WALL SURFACE OF AN 

OVERETCHED CONTACT VIA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention pertains to a structure and 
method for reducing or preventing junction spiking due to 
silicon diffusion through a Wall surface of an overetched 
contact via formed in a silicon substrate. 

[0003] 2. Brief Description of the Background Art 

[0004] In the fabrication of multi-layered semiconductor 
devices, it is common to have a single-crystal silicon sub 
strate With a dielectric layer overlying the silicon substrate. 
Electrical contacts may be formed by creating an opening 
through the dielectric layer to the surface of the silicon 
substrate. The opening is subsequently ?lled With a conduc 
tive material, Which is typically a metal such as aluminum 
or copper. 

[0005] One of the preferred methods of producing the 
opening (i.e., contact via) through the dielectric layer to the 
surface of the silicon substrate is by plasma etching through 
a mask on the surface of the dielectric layer. Variance occurs 
in this etching process and some degree of overetch into the 
silicon substrate is necessary to ensure that the contact is 
completely open (i.e., there is no dielectric material remain 
ing betWeen the metal contact and the silicon substrate). The 
degree of overetch Will vary With overall pattern factors and 
geometric considerations. 

[0006] Conventional integrated circuit processing steps 
can cause silicon atoms to diffuse from single-crystal silicon 
into a contact of pure aluminum or pure copper adjacent to 
the single-crystal silicon. When the diffusion is sufficient to 
short out a shalloW p-n junction in the silicon, this phenom 
enon is knoWn as junction spiking. 

[0007] In order to prevent such junction spiking, a diffu 
sion barrier layer is typically applied over the internal 
surface of the contact via after etching of the opening 
through the dielectric layer. One of the preferred methods of 
application of the diffusion barrier layer is by physical vapor 
deposition (PVD), in particular, high density plasma sputter 
deposition. The use of high density plasma sputtering tech 
niques results in the deposition of diffusion barrier layers 
having excellent barrier properties, even in dif?cult-to-?ll 
small feature siZe contact vias. HoWever, even When diffu 
sion barrier layers are deposited using high density plasma 
sputtering techniques, junction spiking of contacts is still 
occasionally observed. 

[0008] Therefore, it Would be desirable to provide a neW 
device microstructure and method of forming the structure 
Which Would reduce or prevent junction spiking due to 
silicon diffusion through a Wall surface of an overetched 
contact via. 

SUMMARY OF THE INVENTION 

[0009] We have discovered a neW semiconductor contact 
microstructure and a method of forming the structure pre 
vents the Which reduces junction spiking in semiconductor 
contact vias. The structure is applicable When the contact via 
has a three-dimensional shape Which makes it dif?cult to 
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apply a diffusion barrier layer in the area adjacent the 
interface betWeen a silicon surface and a metal such as 
aluminum or copper. 

[0010] In particular, the semiconductor contact micro 
structure comprises a feature Which includes a silicon base 
and at least one sideWall extending upWard from the silicon 
base. The sideWall includes a silicon portion in contact With 
the silicon base. Typically the height of the silicon portion of 
the sideWall above the silicon base is less than about 0.5 pm. 
The sideWall also includes at least one portion Which com 
prises a ?rst dielectric material Which is in contact With (and 
typically extends upWard from) the silicon portion of the 
sideWall. Overlying at least the silicon portion of the side 
Wall is a layer of a second dielectric material, preferably 
silicon oxide. In most applications, a diffusion barrier layer 
overlies the silicon base, the layer of second dielectric 
material, and at least part of the sideWall portion Which is 
comprised of the ?rst dielectric material. Typically, the ?rst 
and second dielectric materials are both silicon oxide, 
although the ?rst dielectric material may be a loW k dielec 
tric, While the second dielectric material may be silicon 
oxide. 

[0011] The method comprises the steps of: providing a 
semiconductor device feature Which includes a silicon base 
and at least one sideWall extending upWard from the silicon 
base, Where the sideWall includes at least one silicon portion 
in contact With the silicon base, and another portion com 
prising a ?rst dielectric material Which is in contact With the 
silicon portion of the sideWall; and, creating a layer of a 
second dielectric material, preferably silicon oxide, over the 
at least one silicon sideWall portion. The method may also 
include subsequent steps of sputter etching to remove dielec 
tric material from the surface of the silicon base; and, 
applying a diffusion barrier material over the silicon base, 
the layer of second dielectric material, and at least a portion 
of the sideWall comprising the ?rst dielectric material. 

[0012] The method of the invention is particularly effec 
tive When used to prepare electrical contacts having a feature 
siZe of less than about 0.5 pm and an aspect ratio of greater 
than about 2:1. 

[0013] The method of the invention greatly reduces or 
eliminates junction spiking at the bottom of contact vias 
When the via has been overetched, leaving via sideWalls 
exposed at the bottom of the contact Which comprise silicon. 
Application of a dielectric layer, such as silicon oxide, over 
the portion of the via Wall surface Which comprises silicon, 
folloWed by removal of any excess dielectric formed upon 
the bottom surface of the via, and subsequent application of 
a diffusion barrier layer over the interior of the via surface, 
reduces the possibility of junction spiking after ?lling of the 
via With a conductive metal, such as aluminum or copper. 
The presence of the dielectric material on the silicon side 
Wall of the via is effective to protect this portion of the 
sideWall from diffusion into the conductive metal With 
subsequent current leakage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shoWs a schematic representative of the 
appearance of a typical photomicrograph of small contacts 
102 (approximately 0.25 pm feature siZe) and larger contacts 
104 (approximately 0.5 pm) Which Were fabricated simul 
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taneously, so that the contact vias Were etched simulta 
neously during the same etching process on the same silicon 
Wafer. 

[0015] FIG. 2 shoWs an overetched contact via 8. 

[0016] FIG. 3 shoWs the contact via of FIG. 2 after 
deposition of a diffusion barrier layer 18 over the surface of 
the contact via 8 using high density plasma deposition 
techniques. 

[0017] FIG. 4 shoWs the contact via of FIG. 2 after 
formation of a dielectric layer 16 on the bottom 6 and on the 
exposed silicon portion 14 of the contact-via sideWalls 4. 

[0018] FIG. 5 shoWs one semiconductor microstructure of 
the present invention, Which is the contact via of FIG. 4 after 
sputter etching to remove the dielectric layer 16 from the 
bottom 6 of the contact via 8. 

[0019] FIG. 6 shoWs a second semiconductor microstruc 
ture of the present invention, after deposition of a barrier 
layer 22 over the microstructure shoWn in FIG. 6. 

[0020] FIG. 7 shoWs a third semiconductor microstructure 
of the present invention, after deposition of a metal ?ll layer 
24 to form a contact. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] We have discovered a neW semiconductor contact 
microstructure and a method of forming the structure Which 
reduces or eliminates junction spiking in semiconductor 
contact vias. The structure is particularly applicable When 
the contact via has a three-dimensional shape Which makes 
it dif?cult to apply a diffusion barrier layer in the area 
adjacent the interface betWeen a silicon surface and a metal 
such as aluminum or copper. 

[0022] FIG. 1 shoWs a schematic Which illustrates the 
appearance of a typical photomicrograph of small contacts 
(approximately 0.25 pm feature siZe) and larger contacts 
(approximately 0.5 pm) Which Were fabricated simulta 
neously. This permitted a comparison of the junction spiking 
phenomenon as a function of the feature siZe. Referring to 
FIG. 1, reference numeral 102 designates small contacts 
having a feature siZe of approximately 0.25 pm, and refer 
ence numeral 104 designates larger contacts having a feature 
siZe of approximately 0.5 pm. The contacts 102 and 104 
exhibited the basic contact via structure shoWn in FIG. 2 and 
described in detail beloW. A diffusion barrier la er of tita 
nium/titanium nitride about 200 A to about 600 A thick Was 
applied over the basic contact via using a high density 
plasma reactive sputtering technique, folloWed by an alu 
minum ?ll of the contact using a high density plasma 
sputtering technique, Which is described in more detail 
subsequently herein. A fairly severe degree of junction 
spiking 106 Was observed With for this microstructure for 
larger contacts; no junction spiking Was observed With the 
smaller contacts. 

[0023] FIG. 2 shoWs a typical contact via 8 etched through 
a dielectric layer 10 and overetched into a silicon substrate 
12. During etching of contact vias, some degree of overetch 
into the underlying silicon substrate 12 is necessary to 
ensure that the contacts are completely open. As shoWn in 
FIG. 2, overetching of contact vias exposes an etched 
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silicon surface 15 on the loWer sideWall 14, as Well as the 
bottom 6, of the contact via 8. 

[0024] With reference to FIG. 3, after etching of the 
opening through the dielectric layer 10, a diffusion barrier 
layer 18 is applied over the internal surface of the contact via 
8 to prevent the diffusion of adjacent materials across the 
boundaries betWeen the materials. When the conductive ?ll 
material 20 is aluminum, the diffusion barrier layer 18 is 
typically a combination of a titanium Wetting layer folloWed 
by a titanium nitride barrier layer. The diffusion barrier layer 
18 may be tungsten/tungsten nitride. When the conductive 
?ll material 20 is copper, the diffusion barrier layer 18 is 
typically a combination of a tantalum Wetting layer folloWed 
by a tantalum nitride barrier layer. 

[0025] One of the preferred methods of application of the 
diffusion barrier layer 18 is by physical vapor deposition 
(PVD), in particular, high density plasma sputtering. In 
particular, high density plasma sputtering refers to deposi 
tion sputtering, Where sputtered material is passed through 
an ioniZation means, such as an inductively coupled RF 
source, to create a high density, inductively coupled RF 
plasma betWeen the sputtering cathode (target) and the 
substrate support electrode. This ensures that a higher por 
tion of the sputtered emission is in the form of ions at the 
time it reaches the substrate surface. Although not alWays 
required, depending on the device topography and the 
amount of substrate self-bias, the substrate toWard Which the 
sputtered ions are moving is typically biased to attract the 
incoming ions. The use of high density plasma sputtering 
techniques results in the deposition of diffusion barrier 
layers having excellent barrier properties, even in dif?cult 
to-?ll small feature siZe contacts. 

[0026] HoWever, high density plasma sputter deposition is 
not completely conformal When the feature siZe of the 
contact is beloW about 0.25 pm and the aspect ratio of the via 
exceeds about 2:1. As a result, the amount of diffusion 
barrier layer deposited on the Walls of the via near the 
bottom of the contact is minimal, even though the thickness 
of the diffusion barrier layer at the bottom of the contact (i.e., 
on the silicon surface at the bottom of the contact) is more 
than adequate. 

[0027] Despite the minimal thickness of the diffusion 
barrier layer deposited near the bottom of the contact for 
high aspect ratio features, PVD is generally preferred over 
chemical vapor deposition (CVD), Which provides a more 
conformal coating. This is because PVD is a cleaner, more 
environmentally friendly process; chemical vapor deposi 
tion (CVD) results in the production of undesirable chemical 
by-products. 

[0028] The present invention permits the use of the cleaner 
PVD (sputtering) deposition of the diffusion barrier layer 
Without the concern that junction spiking may occur in 
comers at the base of the contact, Where the minimal 
thickness of a diffusion barrier layer might permit diffusion 
of silicon into an aluminum ?ll layer. 

[0029] FIG. 3 shoWs a diffusion barrier layer 18 that has 
been deposited over the interior surface 2 of an overetched 
contact via 8 (such as that shoWn in FIG. 2) using high 
density plasma deposition techniques. High density plasma 
sputter deposition provides less barrier layer coverage on the 
sideWalls 4 than on the bottom 6 of a contact via 8, and 
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minimal barrier layer coverage of the loWer sidewalls 14, 
Which are exposed silicon 12 due to overetching. Because 
the barrier layer 18 is so thin (as shoWn in the circled area 
indicated by reference numeral 17) on the loWer sideWalls 
14, it provides minimal protection against silicon diffusion. 
As such, although the contact bottom 6 is protected against 
migration of silicon 12 into the aluminum or copper ?ll layer 
20, the silicon may migrate through the thin diffusion barrier 
layer 18 on the loWer sideWall 14 of an overetched contact 
8. 

[0030] It is much easier to apply a continuous diffusion 
barrier layer over the surface of a larger contact via having 
a loWer aspect ratio than it is to apply a continuous diffusion 
barrier layer over the surface of a small contact via having 
a higher aspect ratio. One skilled in the art Would then 
presume that junction spiking Would occur less frequently 
With larger contacts. HoWever, as shoWn in FIG. 1, We 
observed signi?cantly more junction spiking With larger 
contacts than With smaller contacts that had been formed in 
the same substrate during the same etching process. 

[0031] With reference to FIG. 2, We determined that, 
because larger contact vias etch faster, the larger contact vias 
exhibited a much greater degree of overetch into the under 
lying silicon layer 12 than the smaller contact vias. As a 
result, there is more exposed silicon surface 15 on the loWer 
sideWalls 14 of the larger contacts than on the loWer side 
Walls 14 of the smaller contacts. The increase in exposed 
silicon surface 15 provides an increased area available for 
migration of the silicon 12 into the aluminum or copper ?ll 
layer 20. Diffusion of silicon 12 into the aluminum or copper 
?ll layer 20 creates a pathWay for junction spiking, Which 
increases current leakage. 

[0032] The present invention pertains to a device micro 
structure Which reduces or prevents junction spiking and to 
a method of forming that microstructure. In particular, 
applicants have discovered that a contact via microstructure 
having an exposed silicon base and overetched silicon 
sideWalls adjacent the silicon base can be better protected 
from migration of the silicon into a metallic ?ll of the 
contact by providing a layer of a dielectric material such as 
silicon oxide over the overetched silicon sideWalls prior to 
application of the diffusion barrier layer and the metallic ?ll. 
The presence of the dielectric material on the overetched 
silicon sideWalls reduces or prevents junction spiking in a 
completed contact. Applicants have formed the contact via 
microstructure described above by forming a layer of silicon 
oxide over the silicon surfaces exposed during etch of the 
basic contact via, and then removing the portion of the 
silicon oxide layer Which overlies the bottom of the contact 
via by sputter cleaning (etching) under anisotropic condi 
tions, Which leaves intact the silicon oxide layer on the 
exposed silicon sideWalls, While removing the silicon oxide 
on the silicon surface at the bottom of the contact via. 
Subsequently, a barrier layer Was applied over the interior of 
the contact via, folloWed by a metal ?ll of the contact. The 
contact via microstructure produced by this method is effec 
tive in reducing or preventing migration of silicon through 
the contact via sideWall to the metallic ?ll Within the contact 
via, Which leads to subsequent current leakage. 

[0033] 
[0034] As a preface to the detailed description, it should be 
noted that, as used in this speci?cation and the appended 

I. De?nitions 
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claims, the singular forms a , an”, and “the” include plural 
referents, unless the context clearly dictates otherWise. Thus, 
for example, the term “a semiconductor” includes a variety 
of different materials Which are knoWn to have the behav 
ioral characteristics of a semiconductor, reference to a 
“plasma” includes a gas or gas reactants activated by an RF 
or DC (or both) gloW discharge, and reference to “the 
contact material” includes any conductive, metallic material 
Which has a melting point temperature Which enables its use 
as a contact via ?ll material. 

[0035] Speci?c terminology of particular importance to 
the description of the present invention is de?ned beloW. 

[0036] The term “aluminum” includes alloys of aluminum 
of the kind typically used in the semiconductor industry. 
Such alloys include aluminum-copper alloys, and alumi 
num-copper-silicon alloys, for example. 

[0037] The term “aspect ratio” refers to the ratio of the 
height dimension to the Width dimension of particular open 
ings into Which an electrical contact is to be placed. For 
example, a contact via opening Which typically extends in a 
tubular form through multiple layers has a height and a 
diameter, and the aspect ratio Would be the height of the 
tubular divided by the diameter. The aspect ratio of a trench 
Would be the height of the trench divided by the minimal 
travel Width of the trench at its base. 

[0038] The term “bottom coverage” refers to the ratio of 
the thickness of the ?lm layer deposited at the bottom of an 
interconnect feature, such as a contact via, to the thickness 
of the ?lm layer deposited on the ?eld surface, expressed as 
a percentage. For example, if the layer of ?lm deposited at 
the bottom of a contact via has a thickness of 1 pm, and the 
layer of ?lm deposited on the ?eld surface has a thickness of 
10 pm, the bottom coverage of the ?lm Would be 10%. 

[0039] The term “completely ?lled” refers to the charac 
teristic of a feature, such as a trench or via, Which is ?lled 
With a conductive material, Wherein there is essentially no 
void space present Within the portion of the feature ?lled 
With conductive material. 

[0040] The term “copper” includes alloys of copper of the 
kind typically used in the semiconductor industry. 

[0041] The term “diffusion barrier layer” refers to any 
barrier ?lm or coating on the surface of a contact via or other 
feature Which is effective as a barrier to prevent diffusion of 
atoms of material from one layer into atoms of another 
material in an adjacent layer. 

[0042] The term “feature” refers to contacts, vias, 
trenches, and other structures Which make up the topography 
of the substrate surface. As used herein, the term “small 
feature” refers to a feature having a Width dimension (i.e., 
diameter) of less than 0.5 pm. 

[0043] The term “high density plasma sputter deposition” 
or “ion metal plasma sputter deposition” refers to sputter 
deposition, preferably magnetron sputter deposition (Where 
a magnet array is placed behind the target), Where a high 
density, inductively coupled RF plasma is created betWeen 
the sputtering cathode and the substrate support electrode, 
Whereby at least a portion of the sputtered emission is in the 
form of ions at the time it reaches the substrate surface. In 
high density plasma sputtering, the percentage of target 



US 2002/0175420 A1 

material Which remains ionized approaching the substrate 
surface ranges from 10% up to about 90%. 

[0044] The term “tantalum nitride” refers to a compound 
comprising tantalum and nitrogen and having the general 
formula TaNX, Wherein X ranges from about 0.8 to about 1.5. 

[0045] The term “titanium nitride” refers to a compound 
comprising titanium and nitrogen and having the general 
formula TiNX, Wherein X ranges from about 0.8 to about 1.5. 

[0046] II. An Apparatus for Practicing the Invention 

[0047] The method of the present invention may be carried 
out using equipment/apparatus standard in the industry for 
semiconductor processing. Preferably the equipment 
enables the user to perform all of the process steps under a 
controlled environment so that the substrate is not exposed 
to contamination or undesirable chemical reactants. The 
more preferred PVD apparatus enables separate control of 
poWer to the plasma source generator and poWer used to bias 
the semiconductor substrate. Another preferred feature of 
the PVD apparatus is an ability to provide a high density 
plasma. If the dielectric layer to be formed over the silicon 
portion of the contact sideWall is to be formed by oxidation 
of the silicon surface to silicon oxide, the apparatus includes 
rapid thermal processing capability. If this dielectric layer is 
deposited using CVD techniques, then an apparatus Which 
enables CVD is required, for example. Removal of dielectric 
material from the base of the contact is accomplished using 
apparatus knoWn in the industry for sputter cleaning or 
plasma etching. Multi-chamber processing systems are 
available from industry sources such as Applied Materials 
Inc., of Santa Clara, Calif. 

[0048] III. The Contact Via Microstructure Which 
Reduces or Prevents Junction Spiking 

[0049] Referring to FIG. 6, one embodiment of the semi 
conductor contact microstructure of the invention comprises 
a diffusion-barrier-lined feature 8 comprising a silicon base 
12 and a sideWall 5 Which includes a silicon sideWall 14 
adjacent the silicon base 12. The silicon sideWall extends 
less than 0.5 pm upWard from the base of the feature. The 
remainder 4 of the sideWall 5 of the feature 8 comprises a 
?rst dielectric material 10. Overlying the silicon sideWall 
portion 14 is a layer 16 of a second dielectric material 
(Which may or may not be the same material as the ?rst 
dielectric material 10). Overlying the silicon base 6, the 
dielectric portion 4 of the sideWall 5, and at least a portion 
of the silicon sideWall 14 is a diffusion barrier layer 22. 

[0050] The second dielectric material is preferably 
selected from the group consisting of silicon oxide, silicon 
nitride, phosphorus silicon glass (PSG), and boron phospho 
rus silicon glass (BPSG); more preferably, silicon oxide; 
most preferably, thermally generated silicon oxide. The 
thickness of the dielectric layer 16 overlying the silicon 
sideWall portion 14 is preferably Within the range of about 
50 A to about 100 

[0051] The diffusion barrier layer 22 preferably comprises 
a material selected from the group consisting of titanium, 
titanium nitride, tantalum, tantalum nitride, and combina 
tions thereof. The thickness of the diffusion barrier layer 22 
is application-dependent and Will vary depending upon the 
desired end use of the contact via microstructure. 
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[0052] IV. The Method of Forming the Contact Via Micro 
structure Which Reduces or Prevents Junction Spiking 

[0053] The method of the invention for reducing or pre 
venting junction spiking due to silicon diffusion in an 
overetched contact via comprises the folloWing general 
steps: 

[0054] a) providing a semiconductor device feature 
Which includes a silicon base, at least one silicon 
sideWall portion in contact With and extending 
upWard from the silicon base, and at least one 
sideWall portion comprising a ?rst dielectric material 
Which is in contact With and extends upWard from 
the silicon portion of the sideWall; and 

[0055] b) creating a layer of a second dielectric 
material over the at least one silicon sideWall por 
tion. 

[0056] Typically, the method also includes the steps: 

[0057] c) sputter etching to remove dielectric mate 
rial from the surface of the silicon base; and 

[0058] d) applying a diffusion barrier material over 
the silicon base, the second dielectric layer overlying 
the silicon sideWall, and at least a portion of the 
sideWall comprising a ?rst dielectric material. 

[0059] Referring to FIG. 4, the ?rst step (a) of the method 
of the present invention involves providing a semiconductor 
device feature 8 Which includes a silicon base 12, at least one 
silicon sideWall 14 extending upWard from the silicon base 
less than about 0.5 pm, and at least one sideWall 4 compris 
ing a ?rst dielectric material Which extends upWard from the 
silicon sideWall 14. According to step (b), a layer 16 of a 
second dielectric material is formed on the bottom 6 and on 
the loWer exposed silicon sideWalls 14 of the overetched 
contact via 8. The dielectric layer 16 is preferably formed to 
have a thickness Within the range of about 50 A to about 100 
A on the exposed silicon sideWalls 14. 

[0060] The second dielectric material is preferably 
selected from the group including silicon oxide, silicon 
nitride, PSG, and BPSG, but may be selected from other 
dielectric materials knoWn to those skilled in the art. The 
second dielectric material most preferably comprises silicon 
oxide, Which is typically formed by thermal oxidation. 
When the second dielectric material is formed by thermal 
oxidation, it Will form only on the exposed silicon surface, 
as shoWn in FIG. 4. Silicon oxide deposited from TEOS 
using chemical vapor deposition (CVD) techniques knoWn 
in the art is also acceptable. In addition, a PSG or BPSG or 
other dielectric layer may be deposited on the interior 
surface of the contact via using CVD techniques knoWn in 
the art. When the second dielectric material is formed by 
CVD deposition, it may extend not only over the exposed 
silicon surface, as shoWn in FIG. 4, but may also extend 
over a least a portion of the ?rst dielectric layer 10 (this 
extension over ?rst dielectric layer 10 is not shoWn in FIG. 
4). The advantage to using CVD to deposit the second 
dielectric material is that the possibility of diffusion of 
silicon from corner 13, as shoWn in FIG. 2, is reduced. The 
disadvantage is that the purity of the dielectric deposited 
may not be as good. 

[0061] Referring to FIG. 5, the third step (c) of the present 
invention comprises sputter etching to remove the dielectric 
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material 16 from the bottom 6 of the contact via 8, but not 
from the sidewalls 14 of the contact via 8. Asputter etch step 
(Which may be called a “preclean” step) cleans the bottom 
6 of the contact via 8 to expose bare silicon 12. Preferably, 
the amount of material removed from the bottom 6 of the 
contact via 8 is equal to approximately 1.5 times the 
thickness of the dielectric layer 16 Which Was deposited on 
the bottom of the contact via. For example, if 100 A of 
dielectric material Were deposited on the bottom of the 
contact via, then roughly 150 A of dielectric material Would 
be removed from the bottom of the contact via by sputter 
etching in order to ensure that all of the dielectric material 
had been removed from the bottom of the contact via. The 
sputter etch step is carried out under anisotropic conditions, 
so that all of the dielectric material can be removed from the 
bottom of the contact via, While minimal dielectric material 
is removed from the sideWall. 

[0062] Amulti-chamber processing system having a sepa 
rate sputter clean chamber, such as the Applied Materials, 
Inc. (Santa Clara, Calif.) Endura® Integrated Processing 
System With PrecleanTM II sputter clean chamber, is prefer 
ably used. 

[0063] Typical process conditions for the sputter etch step 
are as folloWs: The argon ?oW rate into the process chamber 
is set at about 5 sccm; and the RF plasma source poWer is 
set to be in the range of about 400 kHZ and at about 300 W. 
The poWer supply to the semiconductor substrate support 
platen, Which Was used to create a substrate bias, is set at 
about 13.56 MHZ and at about 300 W, to produce a bias on 
the substrate of about —250 V. The pressure in the process 
chamber Was about 0.5 mTorr to about 2.0 mTorr, the 
substrate temperature is about 300 ° C. A typical sputter etch 
time is about 25 seconds. 

[0064] Referring to FIG. 6, the ?nal step (d) of the present 
invention comprises depositing a diffusion barrier layer 22 
over the interior surface 2 of the contact via 8, including the 
bottom 6 of the contact via 8, to reduce the possibility that 
silicon can diffuse at the juncture betWeen the sputtered 
bottom 6 of the contact via 8 and the deposited sideWall 
dielectric 16. It is preferable to deposit the diffusion barrier 
layer 22 over the via interior surface so that the thickness of 
the diffusion barrier layer 22 at the bottom 6 of the contact 
8 is greater than 50% of the thickness of the dielectric layer 
16 sputtered off the bottom of the contact via during the 
preclean step. 

[0065] If the contact via 8 is to be subsequently ?lled With 
aluminum, the diffusion barrier layer 22 is preferably tita 
nium, titanium nitride, or a combination thereof. If the 
contact via 8 is to be ?lled With copper, the diffusion barrier 
layer 22 is preferably tantalum, tantalum nitride, or a com 
bination thereof. Other, less preferred barrier metals Which 
may be used in the method of the invention include tungsten, 
Zirconium, vanadium, chromium, molybdenum, niobium, or 
hafnium. 

[0066] The diffusion barrier layer 22 is preferably depos 
ited by physical vapor deposition or chemical vapor metal 
deposition, most preferably, by high density plasma sputter 
deposition. 

[0067] High density plasma sputter deposition of a tita 
nium/titanium nitride diffusion bi-layer is described, for 
example, in Us. patent application Ser. No. 08/511,825, of 
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Xu et al., assigned to the assignee of the present invention, 
the disclosure of Which is hereby incorporated by reference 
herein in its entirety and summariZed beloW. In general, the 
process for deposition of a titanium/titanium nitride diffu 
sion barrier layer comprises the steps of sputtering a tita 
nium target, ioniZing at least a portion of the titanium (10% 
to 100%) before it is deposited on the substrate, attracting 
the ioniZed target material toWard a biased substrate and 
forming a ?rst sub-layer Which essentially performs a sur 
face-Wetting function, and then introducing a suf?cient 
quantity of nitrogen into the chamber as sputtering and 
ioniZation continues, and reacting the nitrogen With the 
sputtered titanium to form a ?lm layer of titanium nitride 
(TiN) on the substrate. The How of nitrogen gas to the 
chamber is typically discontinued just prior to discontinu 
ance of titanium target sputtering. 

[0068] The speci?c process parameters for deposition of 
Ti/TiN barrier layers Will vary depending upon a variety of 
factors, including the particular equipment used and the 
desired deposition rate of the Ti/TiN layer. In an Applied 
Materials’ ENDURA® process chamber, to obtain a depo 
sition rate of titanium nitride/titanium layer of about 300 A 
per minute upon the surface of an 8 inch (20.3 cm) diameter 
substrate, 1.5 kW of RF poWer at 2 MHZ is applied to an 
internal coil, While 5 kW of DC poWer is applied to the 
titanium target cathode, and an AC bias of 90 W at 350 kHZ 
is applied to the substrate platen electrode, resulting in a DC 
self-bias of about 70 V. The sputtering and ioniZation of the 
sputtered material is typically carried out in a process 
chamber With the chamber pressure ranging from about 20 
mTorr to about 30 mTorr. To obtain the 300 A per minute 
deposition rate, the sputtering and ioniZation of the sputtered 
material is preferably carried out at about 30 mTorr. This 
pressure corresponds to an argon feed rate of about 70 sccm. 
The temperature of the substrate in the process chamber is 
typically about 50° C. 

[0069] High density plasma sputter deposition of tanta 
lum/tantalum nitride diffusion barrier layers is described, for 
example, in US. patent application Ser. No. 08/995,108, of 
Ding et al., assigned to the assignee of the present invention, 
the disclosure of Which is hereby incorporated by reference 
herein in its entirety and summariZed beloW. To form a 
TaNX/Ta barrier layer structure, a tantalum target cathode is 
used, and a DC poWer is applied to this cathode over a range 
from about 0.5 kW to about 8 kW. The spacing betWeen the 
target cathode and the Workpiece is approximately 200-300 
mm. During the formation of the TaNX ?rst layer, argon gas 
feed to the process chamber is about 15 sccm to the substrate 
support platen and about 7 sccm to the openings in the 
vicinity of the target cathode. Nitrogen gas is also fed into 
the vacuum chamber in the vicinity of the target cathode. 
The nitrogen gas feed rate ranges from about 2 to about 20 
sccm, depending on the DC poWer applied, With the nitrogen 
feed rate being increased as the DC poWer is increased. With 
the DC poWer set at 4 kW and a nitrogen feed rate of about 
14 sccm, the TaNX layer produced is TaN0_7, containing 
about 40 atomic percent nitrogen. The substrate is placed a 
distance of about 10 inches (25 cm) from the target cathode. 
The operational pressure in the vacuum chamber is about 1.7 
mTorr, and the substrate temperature is about 25° C. Under 
these conditions, a 500 A thick layer of TaN can be applied 
in approximately one minute. Subsequent to application of 
the TaN layer, the nitrogen gas is shut off, the poWer to the 
tantalum target cathode is reduced from about 4 kW to about 
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1 kW, and the argon gas feed is maintained. The pressure in 
the vacuum chamber remains at about 1.7 mTorr, and the 
substrate temperature remains at about 25° C. Under these 
conditions, a 60 A thick layer of tantalum can be formed 
over the TaN layer in about 10 seconds. 

[0070] Referring to FIG. 7, the method of the present 
invention preferably further includes the step (e) of applying 
a metallic conductor 24 over the diffusion barrier layer 22. 
Aluminum and copper are the preferred metallic conductors 
for use in the method of the invention. MetalliZation of the 
contact With aluminum or copper is preferably performed 
using high density plasma sputter deposition, but may be 
applied by evaporation, electroplating, or chemical vapor 
deposition. 

[0071] High density plasma sputter deposition of alumi 
num is described, for example, in US. patent application 
Ser. No. 08/511,825, of Xu et al., assigned to the assignee of 
the present invention, the disclosure of Which is hereby 
incorporated by reference herein in its entirety and summa 
riZed beloW. Initially, a layer of cold-sputtered aluminum 
approximately 2,000 A thick is applied over a barrier layer. 
This cold-sputtered aluminum layer, applied at a substrate 
temperature of about 150° C. or loWer, provides a “seed” 
layer Which adheres Well to a titanium barrier layer. The bulk 
of the aluminum contact is then deposited by sputtering at a 
temperature Within the range of about 350° C. to about 450° 
C. The DC poWer is adjusted depending upon the desired 
deposition rate. The sputtering is carried out in a process 
chamber over argon pressure ranging from about 0.5 mTorr 
to about 2 mTorr. This corresponds to an argon feed rate of 
about 35 sccm in an Applied Materials 5500 Integrated 
Process System chamber. 

[0072] High density plasma sputter deposition of copper is 
described, for example, in US. patent application Ser. No. 
08/855,059, of Ding et al., assigned to the assignee of the 
present invention, the disclosure of Which is hereby incor 
porated by reference herein in its entirety and summariZed 
beloW. In particular, the copper ?ll layer may be applied in 
a single-step process or in a tWo-step process. The selection 
of a single-step process or a tWo-step process depends on the 
composition and structure of the surface upon Which the 
copper is being deposited and the feature siZe of the trench 
or via to be ?lled. In the single-step process, for feature siZes 
of about 0.75 pm or less, When the aspect ratio of the feature 
to be ?lled is less than approximately 3:1, the temperature of 
the substrate to Which the copper ?ll layer is applied should 
range from about 200° C. to about 600° C. (preferably from 
about 200° C. to about 500° C.); When the aspect ratio is 
about 3:1 or greater, the copper ?ll layer should be applied 
over a temperature ranging from about 200° C. to about 600° 
C. (preferably from about 300° C. to about 500° C.). The 
deposition can be initiated at the loW end of the temperature 
range, With the temperature being increased during deposi 
tion. 

[0073] In the tWo-step process, a thin, continuous Wetting 
(bonding) layer of copper is applied at a substrate surface 
temperature of about 20° C. to about 250° C. The Wetting 
layer thickness (on the Wall of the trench or via) should be 
a minimum of about 50 A, and typically may be about 100 
A to about 300 A, depending on feature siZe and aspect ratio. 
Subsequently, the temperature of the substrate is increased, 
With the application of ?ll copper beginning at about 200° C. 
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or higher and continuing as the temperature is increased to 
that appropriate for the feature siZe. When both the copper 
Wetting layer and the copper ?ll layer are applied in a single 
process chamber, the deposition may be a continuous depo 
sition. In such case, process conditions are varied during the 
deposition, With the copper ?ll layer being applied at a 
sloWer rate than the copper Wetting layer, to provide better 
deposition control. 

[0074] When the copper Wetting layer is applied in one 
process chamber and the copper ?ll layer is applied in a 
second process chamber, typically the substrate With copper 
Wetting layer already applied is placed on a heated support 
platen in the second process chamber. For a small feature 
siZe (0.5 pm or less) and an aspect ratio of 1:1 or greater, it 
is better to Wait until the substrate is heated to a temperature 
of at least 200° C. prior to beginning application of the 
copper ?ll layer, or to begin the ?ll layer deposition at a 
sloWer rate While the substrate is heating. 

[0075] High density plasma sputter deposition of copper is 
carried out using a copper target cathode having a 13.37 inch 
(33.96 cm) diameter, and DC poWer is applied to this 
cathode over a range from about 1 kW to about 5 kW. The 
substrate is placed a distance of about 5.5 inches (14 cm) 
from the copper target cathode. Typically, a substrate bias 
voltage ranging from 0 to about —100 V DC is applied to the 
substrate by application of poWer to the platen under the 
substrate. The RF bias poWer ranges from 0 W to about 500 
W, and the frequency is typically from 350 kHZ to 13.56 
MHZ. In addition, a high density, inductively coupled RF 
plasma is generated in the region betWeen the target cathode 
and the substrate by applying RF poWer to a coil (having 
from 1 to 3 turns) over a range from about 400 kHZ to about 
13.56 MHZ (preferably about 2 MHZ), at a Wattage ranging 
from about 0.5 kW to about 5 kW (preferably about 1 kW 
to about 3 kW). The atmosphere in the process vessel is 
argon, the How rate of the argon ranges from about 6 sccm 
to about 140 sccm, and the process vessel pressure ranges 
from about 5 mTorr to about 60 mTorr. 

[0076] Referring again to FIG. 7, the method of the 
present invention greatly reduces or eliminates junction 
spiking at the bottom 6 of a contact via 8 When the via has 
been overetched, leaving exposed silicon sideWalls 14 adja 
cent the bottom 6 of the contact via 8. The presence of the 
dielectric layer 16 on the silicon sideWalls 14 of the contact 
via 8 is effective to protect this portion of the sideWall from 
silicon diffusion and subsequent current leakage. 

[0077] The above described preferred embodiments are 
not intended to limit the scope of the present invention, as 
one skilled in the art can, in vieW of the present disclosure, 
expand such embodiments to correspond With the subject 
matter of the invention claimed beloW. 

We claim: 
1. A semiconductor contact microstructure Which reduces 

junction spiking, said microstructure comprising a feature 
Which includes a silicon base, at least one silicon sideWall 
portion in contact With and extending upWard from said 
silicon base, and at least one sideWall portion comprising a 
?rst dielectric material Which is in contact With said silicon 
sideWall portion, Wherein, overlying at least the silicon 
portion of said sideWall is a layer of a second dielectric 
material. 
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2. The semiconductor contact microstructure of claim 1, 
further including a diffusion barrier layer overlying said 
silicon base, said second dielectric layer, and at least a 
portion of said ?rst dielectric sideWall material. 

3. The semiconductor contact microstructure of claim 1 or 
claim 2, Wherein the height of said silicon sideWall portion 
extending upWard from said silicon base is less than about 
0.5 pm. 

4. The microstructure of claim 1 or claim 2, Wherein said 
second dielectric material is selected from the group con 
sisting of silicon oxide, silicon nitride, PSG, and BPSG. 

5. The microstructure of claim 4, Wherein said second 
dielectric material is silicon oxide. 

6. The microstructure of claim 5, Wherein said second 
dielectric material is thermally generated silicon oxide. 

7. The microstructure of claim 1 or claim 2, Wherein the 
thickness of said layer of second dielectric material overly 
ing said silicon portion of said sideWall is Within the range 
of about 50 A to about 100 

8. The microstructure of claim 2, Wherein said diffusion 
barrier layer comprises a material selected from the group 
consisting of titanium, titanium nitride, tantalum, tantalum 
nitride, and combinations thereof. 

9. Amethod of reducing or preventing junction spiking in 
a contact via formed in a silicon substrate, the method 
comprising the folloWing steps: 

a) providing a semiconductor device feature Which 
includes a silicon base and at least one sideWall extend 
ing upWard from said silicon base, Where said sideWall 
includes at least one silicon portion in contact With said 
silicon base and another portion comprising a ?rst 
dielectric material Which is in contact With said silicon 
portion of said sideWall; and 

b) creating a layer of a second dielectric material over said 
at least one silicon portion of said sideWall. 

10. The method of claim 9, including the additional steps: 

c) sputter etching to remove dielectric material from a 
surface of said silicon base; and 

d) applying a diffusion barrier layer over said silicon base, 
said second dielectric layer overlying said silicon por 
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tion of said sideWall, and at least a portion of said 
sideWall comprising a ?rst dielectric material. 

11. The method of claim 9 or claim 10, Wherein the height 
of said silicon sideWall portion extending upWard from said 
silicon base is less than about 0.5 pm. 

12. The method of claim 11, Wherein said second dielec 
tric material is selected from the group consisting of silicon 
oxide, silicon nitride, PSG, and BPSG. 

13. The method of claim 12, Wherein said second dielec 
tric material is silicon oxide. 

14. The method of claim 13, Wherein said silicon oxide is 
formed by thermal oxidation. 

15. The method of claim 12, Wherein said layer of second 
dielectric material is deposited using chemical vapor depo 
sition. 

16. The method of claim 9 or claim 10, Wherein said layer 
of second dielectric material is formed to have a thickness 
Within the range of about 50 A to about 100 

17. The method of claim 10, Wherein said diffusion barrier 
layer comprises a material selected from the group consist 
ing of titanium, titanium nitride, tantalum, tantalum nitride, 
and combinations thereof. 

18. The method of claim 17, Wherein said diffusion barrier 
layer is deposited by physical vapor deposition. 

19. The method of claim 18, Wherein said diffusion barrier 
layer is deposited by high density plasma sputter deposition. 

20. The method of claim 10, Wherein the method further 
comprises the folloWing step: 

e) applying a metallic conductor over said diffusion 
barrier layer. 

21. The method of claim 20, Wherein said metallic con 
ductor is aluminum, and said diffusion barrier layer com 
prises a material selected from the group consisting of 
titanium, titanium nitride, and combinations thereof. 

22. The method of claim 20, Wherein said metallic con 
ductor is copper, and said diffusion barrier layer comprises 
a material selected from the group consisting of tantalum, 
tantalum nitride, and combinations thereof. 


