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(57) ABSTRACT

The present invention perlains to a semiconductor device
microstructure, and to a melthod of forming (hal
microsiructure, which reduces or prevents junction spiking
and to a method ol 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 basc is typically less than about 0.5 gm. The
sidewall also includes at least one portion which comprises
a [irst diclectric material which is in contacl with (and
typically extends upward from) the silicon portion of the
sidewall. Overlying al least the silicon portion of the side-
wall is a layer of a second dielectric malerial, preferably
silicon oxide. Typically, a diffusion barrier layer overlies the
silicon base, the layer of second dieleciric material, and at
least part of the sidewall portion which is comprised of the
first dielectric material. The method comprises the steps of:
a) providing a semiconductor device feature which includes
a silicon base and at leasl one sidewall extending upward
from the silicon base, where the sidewall includes at least
one silicon portion in conlact with the silicon base, and
another portion comprising a first 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 sccond dicleetric material, and at
least a portion of the sidewall comprising the first dielectric
material. Typically, both the first and second dielectric
malerials are silicon oxide.

12 Claims, 7 Drawing Sheets
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STRUCTURE FOR REDUCING JUNCTION
SPIKING THROUGH A WALL SURFACE OF
AN OVERETCHED CONTACT VIA

This application is a continvation application of appli-
cation Ser. No. 09/296,144, filed Apr. 21, 1999, which is
now abandoncd.

BACKGROUND OF THE INVENTION

1. Field of the Invention

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.

2. Brief Description of the Background Art

In the tabrication of multi-layered semiconductor devices,
it is common to havc a single-crystal silicon substrate with
a dielectric layer overlying the silicon substrate. LClectrical
contacls may be formed by creating an opening through the
dielectric layer to the surface of the silicon substrate. The
opening is subsequently filled with a conductive material,
which is typically a metal such as aluminum or copper.

One of the preferred methods of producing the opening
(i.e., contacl via) through the dielectric layer (o 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

pletely open (i.e., there is no dielectric material remaining

between the metal contact and the silicon substratc). The
degree of overelch will vary with overall pattern factors and
geometric considerations.

Conventional integraled circuil processing sleps can
cause silicon atoms lo diffuse from single-crystal silicon into
a contact of pure aluminum or pure copper adjacent to the
single-crystal silicon. When the diffusion is sulficient Lo
short out a shallow p-n junction in the silicon, this phenom-
enon is known as junction spiking.

In order 1o prevent such junction spiking, a diffusion
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 diflusion barrier layer is by physical vapor deposilion
(PVD), in particular, high density plasma sputter deposition.
‘The use of high density plasma sputtering techniques results
in the deposition of diffusion barrier Jayers having excellent
barder properlies, even in difficult-lo-fill small feature size
contact vias. Howcever, even when diffusion barricr layers
are deposited using high density plasma sputlering
techniques, junction spiking of contacts is still occasionally
observed.

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 3

diffusion through a wall surface of an overetched contact
via.

SUMMARY OF THE INVENTION

We have discovered a new semiconductor contact micro-
structure and a method of forming the structure which
reduces junction spiking in semiconduclor contact vias. The
structure is applicable when the contact via has a three-
dimensional shape which makes it dificult to apply a
diffusion barrier layer in the area adjacent the interface
between a silicon surface and a metal such as aluminum or
copper.
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In particular, (he semiconductor contacl microstructure
comprises a feature which includes a silicon base and at least
one sidewall exiending upward from the silicon base. The
sidewall includes a silicon portion in contact with the silicon
basce. Typically the height of the silicon portion of the
sidewall above the silicon base is less than about 0.5 um.
The sidewall also includes at least one portion which com-
prises a first diclectric 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 diclectric material, preferably
silicon oxide. In most applications, a diffusion barrier layer
overlics the silicon base, the layer of sccond diclectric
material, and at least part of the sidewall portion which is
comprised of the first dielectric material. Typically, the first
and second dielectric materials are both silicon oxide,
although the first diclectric material may be a low k
dielectric, while the second dielectric material may be
silicon oxide.

The method comprises the steps of. providing a semicon-
ductor device feature which includes a silicon basc 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 compris-
ing a first 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
al least one silicon sidewall portion. The method may also
include subsequent steps of sputter etching to remove dielec-
tric malerial [rom the surface of the silicon base; and,
applying a diffusion barrier material over the silicon base,
the layer of second dicleetric material, and at least a portion
of the sidewall comprising the first dielectric material.

The method of the invention is particularly effective when
used to prepare electrical contacts having a feature size of
less than about 0.5 #m and an aspect ratio of greater than
about 2:1.

The method of the invention greally reduces or eliminales
junction spiking at the bottom of contact vias when the via
has been overelched, 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 lhe via surface, reduces the
possibility of junction spiking after filling of the via with a
conductive metal, such as aluminum or copper. The presence
of the dielectric material on the silicon sidewall 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

FIG. 1 shows a schematic representaiive of the appear-
ance of a typical photomicrograph of small contacts 102
(approximately 0.25 sum feature size) and larger contacts 104
(approximately 0.5 um) which were fabricated
simultaneously, so that the contact vias were eiched simul-
tancously during the same etching process on the same
silicon wafer.

FIG. 2 shows an overetched contact via 8.

I'IG. 3 shaws the contact via of FIG. 2 after deposition of
a diftusion barrier layer 18 over the surface of the contact via
8 using high densily plasma deposition techniques.

I'IG. 4 shows the contact via of F1G. 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.
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FIG. 5 shows one semiconductor microstructure of the
present invention, which is the contact via of FIG. 4 after
spuiter etching to remove the dielectric layer 16 from the
bottom 6 of the conlact via 8.

FIG. 6 shows a second semiconductor microstructure of
the present invention, after deposition of a barricr layer 22
over the microstructure shown in FIG. §.

FIG. 7 shows a third semiconductor microstructure of the
present invention, afier deposition of a metal fill layer 24 to
form a contacl.

DETAILED DESCRIPTION OF TIIE
INVENTION

10

We have discovered a new semiconductor contact micro-

structure and a method of forming the structure which
reduces or eliminates junction spiking in semiconductor
contact vias. The structure is parlicularly applicable when
the contact via has a three-dimensional shape which makes
it difficult to apply a diffusion barrier layer in the area
adjacent (he inlerface belween a silicon surface and a metal
such as aluminum or copper.

FIG. 1 shows a schematic which illustrates the appcarance
of a typical photomicrograph of small contacts
(approximately 0.25 um feature size) and larger contacts
(approximately 0.5 um) which were fabricated simulta-
neously. This permitted a comparison of the junction spiking
phenomenon as 4 funclion of the feature size. Referring lo
FIG. 1, reference numeral 102 designates small contacts
having a feature size of approximately 0.25 um, and refer-
ence numeral 104 designates larger conlacts having a feature
size of approximately 0.5 um. The contacts 102 and 104
exhibited the basic contact via structure shown in FIG. 2 and
deseribed in detail below. A diflusion barrier layer of
titanium/titanium nitride about 200 A 1o about 600
was applied over the basic conlact via using a high density
plasma reactive sputtering technique, followed by an alu-
minum fill 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.

FIG. 2 shows a typical contact via 8 ctched 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 lo ensure
that the contacts are completely open. As shown in FIG. 2,
overetching of contact vias exposes an elched silicon surface
15 on the lower sidewall 14, as well as the botiom 6, of the
contact via 8.

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

prevenl the diffusion of adjacent malerials across the bound- 3

arics between the materials. When the conductive fill mate-
rial 20 is aluminum, the diffusion barrier Jayer 18 is typically
a combination ol a titanium welling layer [ollowed by a
titanium nitride barrier layer. The diffusion barrier layer 18
may be tungsten/tungsten nitride. When the conductive fill
material 20 is copper, the diffusion barrier layer 18 is
typically a combination of a tantalum wetting layer followed
by a tanfalum nitride barrier layer.

Onc of the preferred methods of application of the diffu-
sion barrier layer 18 is by physical vapor deposition ('VD),
in particular, high density plasma sputtering. In particular,
high density plasma sputtering refers to deposition
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spullering, where spullered material is passed through an
ionization mcans, such as an inductivcly coupled RF source,
lo create a high density, inductively coupled RF plasma
between the sputtering cathode (target) and the substrate
support electrode. This ensures that a higher portion of the
spullcred emission is in the form ol fons at the time it reaches
the substrate surface. Although not always required, depend-
ing on the device topography and the amount of substrale
self-bias, the substrate toward which the sputiered ions are
moving is typically biascd to attract the incoming ions. The
use of high density plasma sputtering lechniques results in
the deposition of diffusion barrier layers having excellent
barrier properties, even in difficult-to-fill small feature size
contacts.

Ilowever, high density plasma sputter deposition is not
completely conformal when Lhe [eature size of the contact is
below aboul 0.25 um 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, cven though the thickness of the diffu-
sion barrier layer at the bottom of the contact (i.e., on the
silicon surface at the bottom of the contact) is morc than
adequate.

Despite the minimal thickness of the dilfusion barricr
layer deposiled near the bottom of the contact [or 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 environ-
mentally friendly process; chemical vapor deposition (CVD)
results in the production of undesirable chemical
by-products.

The present invention permits the use of the cleaner PVD
(sputtering) deposition of the diffusion barrier layer without
the concern that junction spiking may oceur in corners at the
base of the contact, where the minimal thickness of a
dillusion barrier layer mighl permil dilfusion of silicon into
an aluminum [ill layer.

IIG. 3 shows a diffusion barrier layer 18 that has been
deposiled over the inlerior surface 2 of an overclched
contact via 8 (such as that shown in FIG. 2) using high
density plasma deposilion lechniques. 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
minimal barrer layer coverage of the lower sidewalls 14,
which arc exposcd silicon 12 duc 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 dilfusion.
As such, although the contact bottom 6 is protected against
migration of silicon 12 into the aluminum or copper fill layer
20, the silicon may migrate through the thin diffusion barrier
layer 18 on the lower sidewall 14 of an overetched contact
8.

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 baving a higher
aspect ratio. One skilled in the art would then presume that
junction spiking would occur less frequently with larger
contacts. Ilowever, as shown in FIG. 1, we abserved sig-
nificantly more junction spiking with larger conlacts than
with smaller contacts that had been formed in the same
substrate during the same etching process.

With reference to I1G. 2, we determined that, because
larger contact vias etch faster, the larger contact vias exhib-
ited a much greater degree of overetch into the underlying
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silicon layer 12 than the smaller contacl vias. As a result,
there is more exposed silicon surface 15 on the lower
sidewalls 14 of the larger conlacts than on the lower side-
walls 14 of the smaller contacts. The increase in exposed
silicon surlace 15 provides an increased arca available for
migration of the silicon 12 into the aluminum or copper [ill
layer 20. Diffusion of silicon 12 into the aluminum or copper
fill layer 20 creates a pathway for junction spiking, which
increases current leakage.

The present invention pertains (o a device microstructure
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 adja-

cent the silicon base can be betler protecied from migration |

of the silicon into a metallic fill of the contact by providing
a layer of a dielectric material such as silicon oxide over the
overctched silicon sidewalls prior to application of the
diffusion barrier layer and the metallic fill. The presence of
the diclectric material on the overetched silicon sidewalls
reduees or prevents junction spiking in @ completed contact.
Applicants have formed the contact via microstructure
described above by forming a layer of silicon oxide over Lhe
silicon surfaces exposed during elch of the basic contact via,
and then removing the portion of the silicon oxide layer
which overlies the bottom of the contacl via by sputter
cleaning (etching) under anisolropic conditions, 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,
tollowed by a metal fill of the contact. The contact via
microstructure produced by this method is effective in
reducing or preventing migration ol silicon through the

contact via sidewall to the metallic fill within the contact via, ;

which leads to subsequent current leakage.
1. DEFINITIONS

As a preface to the detailed description, it should be noted
that, as used in this specification and the appended claims,
the singular forms *a”, “an”, and *the” include plural
referents, unless the contexl clearly dictates otherwise. Thus,
for example, the term “a semiconductor” includes a variety
of dilferent materials which are known to have the behav-
ioral characteristics of a semiconductor, reference o a
“plasma” includes a gas or gas reactants activated by an RE
or DC (or both) glow discharge, and reference lo “the
conlact malerial” includes any conductive, metallic material
which has a melting point temperature which enables its use
as a contact via fill material.

Specific terminology of particular importance to the
description of the present invention is defined below.

‘The term “aluminum” includes alloys of aluminum of the
kind typically used in the semiconductor industry. Such

alloys include aluminum-copper alloys, and aluminum- s

copper-silicon alloys, for example.

‘The term “aspect ratio” refers to the ratio of the height
dimcension lo the width dimension of parlicular openings
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.

The term “bottom coverage” refers lo the ratio of the
thickness of the film layer deposited at the bottom of an
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6
inlerconnect fealure, such as a conlact via, (o the thickness
of the film layer deposited on the field surface, expressed as
a percentage. For example, if the layer of film deposited at
the bottom of a contact via has a thickness of 1 st m, and the
layer of [ilm deposited on the ficld surface has a thickness of
10 gem, the bottom coverage of the film would be 10%.

The term “completely filled” refers to the characteristic of
a feature, such as a trench or via, which is filled with a
conductive material, wherein there is essentially no void
space present within the portion of the feature filled with
conductive material.

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

The term “difusion barrier layer” refers to any barrier
film or coating on the surface of a contact viu or other feature
which is effeetive as a barrier to prevent dilfusion of atoms
ol malerial from one layer into atoms of another material in
an adjacent layer.

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.

The term “high density plasma sputter deposition” or “ion
melal plasma sputter depasition” refers Lo spulter 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
spultering 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 demnsily plasma spuliering, the percenlage of larget
matcrial which remains ionized approaching the substrate
surface ranges from 10% up to about Y0%.

The term *tantalum nitride” refers to a compound com-
prising (antalum and nitrogen and having the general for-
mula TaN,, wherein x ranges from about 0.8 to about 1.5.

The term “titanium nitride” refers 1o a compound com-
prising titanium and nitrogen and having the general formula
TiN,, wherein x ranges from about 0.8 to about 1.5.

II. AN APPARATUS [FOR PRACTICING TIIE
INVENTION

The method of the present invention may be carriced out
using equipment/apparatus standard in the industry for semi-
conductor processing. Preferably the equipment enables the
user to perform all of the process steps under a controlled
environment so that the subsirate is not exposed to contami-
nation or undesirable chemical reactants. ‘I'he more pre-
ferred PVD) apparatus enables separate control of power to
the plasma source gencrator and power used 1o blas the
semiconductor substrate. Another preferred feature of (he
PVD apparatus is an ability o 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
cnables CVD is required, for example. Removal of diclectric
material from the base of the contact is accomplished using
apparatus known in the industry for sputter cleaning or
plasma elching. Multi-chamber processing systems are
available from industry sources such as Applied Malerials
Inc., of Santa Clara, Calif.

III. THE CONTACT VIA MICROSTRUCTURE
WHICH REDUCES OR PREVENTS JUNCTION
SPIKING

Referring to FIG. 6, one embodiment of the semiconduc-
tor contact microstructure of the invention comprises a
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dillusion-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 ym upward from the basc of the feature. The
remainder 4 of the sidewall § of the feature 8 comprises a
first diclectric maternal 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 first
dielectric material 10). Overlying the silicon base 6, the
diclectric portion 4 of the sidewall S, and at lcast a portion
of the silicon sidewall 14 is a diffusion barrier layer 22.

The second dielectric material is preferably selected from
the group consisting of silicon oxide, silicon nitride, phos-
phorus silicon glass (PSG), and boron phosphorus silicon

glass (BPSG); more prelerably, silicon oxide; most !

preferably, thermally generated silicon oxide. The thickness
of the diclectric layer 16 overlying (he silicon sidewall
portion 14 is preferably within the range of about 50 Ato
about 100 A.

The diffusion barrier layer 22 preferably comprises a
material selected from the group consisting of titanium,
tilanium pitride, tantalum, tantalum nitride, and combina-
tions thereof. The thickness of the ditfusion barrier layer 22
is application-dependent and will vary depending upon the
desired end-use of the contact via microstructure.

IV. THE METHOD OF FORMING THE
CONTACT VIA MICROSTRUCTURE WHICH
REDUCES OR PREVENTS JUNCTION SPIKING

The method of the invention for reducing or preventing
junction, spiking due to silicon diffusion in an overetched
contacl via comprises the following general steps:

a) providing a semiconductor device [ealure which
includes a silicon base, at least one silicon sidewall
portion in contact with and extending upward [rom (he
silicon base, and at least one sidewall .portion com-
prising a first diclectric material which is in contact
with and extends upward from the silicon portion of the
sidewall, and

b) creating a layer-of a second dielectric material over the
at least one silicon sidewall portion. Typically, the
method also includes the steps:

¢) sputier ciching to remove diclectric materia) from the
surface of the silicon base; and

d) applying a diffusion barrier material-over the silicon
base, the second dielectric layer overlying the silicon
sidewall, and al least a portion of the sidewall com-
prising a [irst diclectric malerial.

Referring to FIG. 4, the first 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 cxtending upward from the silicon base
less than about 0.5 y#m, and at least one sidewall 4 compris-
ing a first 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 ol the overetched
conlact via 8. The diclectric layer 16 is preferably formed to
have a thickness within the range of about 50 A to about 100

on the exposed silicon sidewalls 14.

The second dielectric material is prelerably selected from
the group including silicon oxide, silicon nitride, PSG, and
BPSG, but may be sclected from other diclectric materials
known Lo those skilled in the art. The second dielectric
material most preferably comprises silicon oxide, which is
typically formed by thermal oxidation. When the second
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dielectric malerial 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 conlact
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 cxtend over at least a portion
of the first dielectric layer 10 (this extension over first
dielectric layer 10 is not shown in FIG. 4). The advantage o
using CVD to deposit the second dielectric material is that
the possibility of diffvsion of silicon from comer 13, as
shown in FIG. 2, is reduced. The disadvanlage is thal the
purity of the dielectric deposited may not be as good.

Referring to FIG. 5, the third step (c) of the present
invention comprises sputter etching to remove the dielectric
malterial 16 from the bottom 6 of the contact via 8, bul not
from the sidewalls 14 of the contact via 8. A sputter etch step
(which may be called a “preclecan™ siep) cleans the bottom
6 of the contact via 8 to expose bare silicon 12. Preferably,
the amount of malerial removed from the botlom 6 of the
contact via 8 1s equal to approximately 1.5 times the
thickness of the diclectric layer 16 which was deposited on
the botiom of the contact via. Lior example, if 100 A of
dieleciric material were deposited on the botlonm of the
contact via, then roughly 150 A of dielectric material would
be removed from the bottom of the coatact via by sputter
elching in order to ensure that all of the dielectric material
had been removed from the bottom of the contact via. The
spuller cich step is carried out under anisolropic conditions,
so that all of the dielectric material can be removed from the
botlom of the contact via, while minimal diclectric material
is removed from the sidewall.

A multi-chamber processing system having a separale
sputter clean chamber, such as the Applied Materials, Inc.
(Santa Clara, Calif.) Endura® lntegrated Processing System
with Preclean™ II sputter clean chamber, is preferably used.

Typical process conditions for the sputter etch step are as
follows: The argon How rate into the process chamber is set
at ahout 5 sccm; and the RF plasma source power is scl o
be in the range of about 400 kHz and at about 300 W. The
power supply to the semiconduclor subslrate supporl platen,
which was used to crcate a subsirate bias, 1s sci at aboul
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 1o aboul 2.0 mTorr, the
substrale lemperature is about 300° C. A (ypical sputter etch
time is about 25 seconds.

Referring to FIG. 6, the final step (d) of the present
invention comprises depositing a diffusion barrier layer 22
over the interior surface 2 of the contacl 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 inlerior surface so thal the (hickness 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.

If the contact via 8 is to be subsequently filled with
aluminum, the diffusion barrier layer 22 is preferably
titanium, titanium nitride, or a combination thereof. 1f the
contact via 8 is to be filled with copper, the diffusion barrier
layer 22 is preferably tantalum, tantalum nitride, or a com-
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bination thereol Olher, less preferred barrier melals which
may be uscd in the method of the invention include tungsten,
zirconium, vanadium, chromium, molybdenum, niobium, or
hafnium.

The diffusion barrier layer 22 is preferably deposited by
physical vapor deposition or chemical vapor melal
deposition, most preferably, by high density plasma sputter
deposition.

High density plasma sputter deposition of a titanium/
titanium nitride diffusion bi-layer is described, for example,
in US. application Ser. No. 08/511,825, of Xu et al,
assigned to the assignee of the present invention, the dis-
closure of which is hereby incorporated by reference herein
in its entirety and summarized below. In general, the process
[or deposition ol a titanium/litanium nitride difusion barrier
layer comprises the steps of sputtering a litanium target,
ionizing at least a portion of the titanium (10% to 100%)
before it is deposiled on the substrate, atiracting the ionized
target material toward a biased substrate and forming a first
sub-layer which essentially performs a surface-weltling
function, and then introducing a sufficicnt quantity of nitro-
gen into the chamber as sputlering and ionization continues,
and reacling (he nitrogen with the sputlered titanium to form
a film layer of titanium nitride (TiN) on the substrate. The
flow of nitrogen gas to the chamber is typically discontinucd
just prior 1o discontinvance of titanium targel sputtering.

The specific 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'
ENDURAD® process chamber, to obtain a deposition rate
of titanium nilride/titanium Tayer of about 300 Kpcr minute
upon Lhe surface of an 8 inch (20.3 c¢m) diameter substrate,
1.5 kW ol RF power at 2 MHZ is applicd (o an internal coil,
while 5 kW of DC power is applied to the titanium target
cathode, and an AC bias of 90 W al 350 kHz is applied (o
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 sputtcred material is
preferably carried out at about 30 mTorr. This pressure
corresponds Lo an argon [eed rate of about 70 scem. The
temperature of the substratc in the process chamber is
typically about 50° C.

High density plasma sputter deposition of tantalum/
lantalum nitride diffusion barrier layers is described, [or
cxample, in U.S. application Ser. No. 08/995,108, ol Ding ct

al., assigned to the assignee of the present invention, the 3

disclosurc of which is hereby incorporated by reference
herein in its entirety and summarized below. To form a
TaNs/Ta barricr 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 s

target cathode and the workpiece is approximately 200-300
mm. During the formation of the TaN, first layer, argon gas
{eed to the process chamber is about 15 scem 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 larget cathode.
The nitrogen gas feed rate ranges {rom about 2 1o 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 TaN, layer produced is TaNg ;, confaining
about 40 alomic percent nitrogen. The substrate is placed a
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distance ol about 10 inches (25 cm) from the target cathode.
The operational pressurc in the vacuum chamber is about 1.7
m'lorr, and the substrate temperature is about 25° C. Under
these conditions, a 500 A thick layer of TaN can be applicd
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 aboult
1 kW, and the argon gas feed is maintained. The pressure in
the vacuum chamber remains at about 1.7 mTorr, and the
substrate lemperalurc remains at about 25° C. Under these
conditions, a 60 A (hick layer of tantalum can be formed
over the TaN layer in about 10 seconds.

Referring to FIG. 7, the method of the present invention
preferably further includes the step (¢) of applying a metallic

5 conduclor 24 over the dilfusion 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.

High density plasma sputter deposition of aluminum is
described, for example, in U.S. application Ser. No. 08/511,
825, of Xu ¢t al., assigned lo the assignee of the present
invention, the disclosure of which is hereby incorporated by
rcference herein in its enlirety and summarized below.
Initially, a layer of cold-sputtered aluminum approximately
2,000 A thick is applied over a barrier layer. This cold-
spultered 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 deposiied by sputtering at a
temperature within the range of about 350° C. 1o about 450°
C. 'The DC power is adjusted depending upon the desired
deposition rate. The sputiering is carricd oul in 4 process
chamber over argon pressure ranging from about 0.5 mTorr
to about 2 mTorr. This corresponds 1o an argon [eed rate of
about 35 scen in an Applied Malerials 5500 Integrated
Process System chamber.

High density plasma sputter deposition of capper is
described, for example, in U.S. application Ser. No. 08/855,
059, of Ding et al., assigned to the assignee of the present
invention, the disclosure of which is hercby incorporated by
reference herein in its entirety and summarized below. In
particular, the copper [ill layer may be applied in a single-
step process or in a two-step process. The selection of a
single-slep process or a two-step process depends on the
composition and structure of the surface upon which the
copper is being deposited and the fealure size ol the trench
or via 1o be filled. In the single-siep process, [or [eature sizes
of about 0.75 um or less, when the aspect ratio of the feature
to be filled is Iess than approximately 3:1, the temperature of
the substrate to which the copper fill 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 fill 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
deposilion can be initiated at the low end of the temperature
range, with the temperature being increased during deposi-
tion.

In the two-step process, a thin, continuous wetting
(bonding) layer ol copper is applied at a subslrale surface
temperature of about 20° C. 1o about 250° C. The weltting
layer thickness (on the wall of the trench or via) should be
a minimum of about 50 A, and typically may be about 100
Ato about 300 A, depending on feature size and aspect ratio.
Subsequently, the temperature of the substrale is increased,



US 6,448,657 Bl

1

with the application of {ill copper beginning at about 200° C.
or higher and continuing as the temperature is incrcascd to
that appropriate for the feature size. When both the copper
wetling layer and the copper fill layer are applicd 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 fill layer being applied at a
slower rate than the copper wetting layer, to provide better
deposition coatrol.

When the copper wetling layer is applicd in one process
chamber and the copper fill layer is applied in 2 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 um
or less) and an aspect ratio ol 1:1 or grealer, il is belier (o
wait until the substrate is heated to a temperature of at least
200° C. prior to beginning application of the copper fill
layer, or to begin the fill layer deposition at a slower rate
while the substrate is heating.

High density plasma sputter deposition of copper is 2

carricd out using a copper target cathode having a 13.37 inch
(33.96 em) diameter, and DC power is applied o this
cathode over a range from about 1 kW 1o about 5 kW. The
substrate is placed a distance of about 5.5 inches (14 cm)
from the copper target cathode. Typically, a substrate hias
voltage ranging from (1 to about =100 V DC is applied to the
substrate by application of power 1o 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 (o 13.56
MHZ. In addition, a high density, inductively coupled RE
plasma is generated in the region between the targel cathode
and the substratc by applying RF power (o a coil (having
from 1 10 3 urns) over a range from about 400 kHz to about
13.56 MHZ (prefecably about 2 MHZ), 1 & waltage ranging
from about 0.5 kW 1o about 5 kW (preferably about 1 kW
10 gbout 3 kW). The atmosphere in the process vessel is
argon, the flow rate of the argon ranges from about 6 scem
1o about 140 secn, and the process vessel pressure ranges
from about 5 mTorr to about 60 mTorr.

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 vin has been
overeiched, leaving exposed silicon sidewalls 14 adjacent
lhe bottom 6 of the contact via 8. The presence of the
dicleetric 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.

The above described preferred embodiments are not
intended 1o 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 conlact microstructure which reduces
junction spiking, said microstructure comprising a feature
which includes a silicon base, at least one sidewall which
includes a silicon portion in contact with and extending
upward [rom said silicon base, and at least one dielectric
portion comprising a first diclectric material which is in
contact with and extending upward from said silicon portion
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of said sidewall to an opening al an upper edge of said
sidewall, wherein, overlying at least said silicon portion of
said sidewall is a layer of a second dielectric material
comprising silicon oxide having a thickness ranging from
about 50 A 10 about 100 A, and wherein a major portion ol
said silicon base remains exposed, whereby junction spiking
is reduced.

2. The semiconductor contact microstructure of claim 1,
further including a diffusion barrier layer overlying said
silicon base, said second dielectric material, and at least a
portion of said first dielectric material.

3. ’I'be semiconductor contact microstructure of claim 1 or
claim 2, wherein the height of said silicon portion of said
sidewall extencling upward from said silicon base is less than
about 0.5 um.

4. The semiconductor contact microstructure of claim 1 or
claim 2, whercin said sccond diclectric material is scleeted
from the group consisting of silicon oxide, silicon nitride,
PSG, and BPSG,

5. The semiconductor contact microstructure of claim 1,
wherein said second dielectric material is thermally gener-
ated silicon oxide.

6. The semiconductor contact microstructure of claim 2,
wherein said dillusion barrier layer comprises a material
selected from the group consisting ol titanium, titanium
nitride, tantalum, tantalum nitride, and combinations
thereol.

7. The semiconductor contact microstruclure of claim §,
wherein said second diclectric material does not overlie a
major portion of said first dielectric material.

8. The semiconductor contact microstructure of claim 1 or
claim 2, wherein said second dielectric material profects
subsequently deposited material from silicon diffusion from
said silicon portion of said sidewall.

9. A semiconductor contact microstructure which reduces
junction spiking, said microstructure comprising a [eature
which includes a silicon base, at least one sidewall which
includes a silicon portion in contact with and extending
upward [rom said silicon base, and al least one dicleetric
portion comprising a first dieleciric material which is in
contaet with and extending upward [rom said silicon portion
of said sidewall 1o an opening al an upper cdge of said
sidewall, wherein, overlying at least said silicon portion of
suid sidewall is a layer of a second dielectric material having
a thickness ranging from about 30 A 1o about 100 A, whercin
a major portion of said silicon base remains exposed. and
wherein said second dielectric material is silicon oxide.

10. The semiconductor conlact microstructure ol ¢laim 9,
further including a diffusion barrier layer overlying said
silicon base, said second dielectric material, and at least a
portion of said first diclectric material.

11. The semiconductor contact microstructure of claim 9,
wherein said second dielectric material is thermally gener-
ated silicon oxide.

12. The semiconductor contact microstructure of claim
10, wherein said second dielectric malerial is thermally
generated silicon oxide.
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(57 ABSTRACT

The present invention pertains to a semiconductor device
microstructure, and to a method of forming that
microstructure, 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 ar 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 first 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 e layer of a second dielectric material, preferably
silicon oxide. Typically, a diffusion barier layer overlies the
silicon base, the layer of second dielectric material, and at
least part of the sidewall portion which is comprised of the
first 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 up il
from the silicon base, where the sidewall includes at least
one silicon portion in contact with the silicon base, and
another portion comprising a first 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 materiat 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 first dielectric
material, Typically, both the first and second dielectric
materials are silicon oxide.

12 Claims, 7 Drawing Sheets
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