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PROCESS FOR FORMING A CONTACT
STRUCTURE

This application is a continuation-in-part of the com-
monly assigned U.S. Pat. No. 4,997,790, issued Mar. 5,
1991, entitled, “Process for Forming a Self-Aligned
Contact Structure,” by Woo et al., Ser. No. 07/566,185,
filed Aug. 13, 1990.

TECHNICAL FIELD OF THE INVENTION

This invention relates to semiconductor fabrication
processes in general, and more specifically to a process
for forming contacts in multi-layer semiconductor de-
vices.

BACKGROUND OF THE INVENTION

Semiconductor product manufactures must continu-
ally improve the power and performance of semicon-
ductor devices while keeping the device size to a2 mini-
mum. A common way to achieve a smaller device is to
simply reduce device dimensions. Another widely prac-
ticed method of keeping the semiconductor device size
to a minimum is achieved by designing and fabricating
devices having multiple conductive layers. This is ap-
parent in double-level and triple-level polysilicon and
metallization processes.

Manufacturing difficulties have arisen with these
complex processes. For example, with smaller and
smaller geometries, alignment tolerances in photoli-
thography operations have been significantly reduced.
Another difficulty with fabricating multi-layer devices
is that of planarizing the various layers. Several known
planarization techniques and disadvantages with the
techniques are described in the background of U.S. Pat.
No. 5,037,777, issued Aug. 6, 1991, filed Jul. 2, 1990, by
Mele et al., entitled, “Method for Forming A Multi-
Layer Semiconductor Device Using Selective Planari-
zation,” and assigned to the assignee hereof. The patent
by Mele et al. teaches a method for selectively planariz-
ing a semiconductor device, in other words, how to
planarize only areas of the device in which contacts are
not to be formed. With the selective planarization pro-
cess disclosed in the Mele et al., a self-aligned contact is
formed and the device is planarized without having to
etch overly thick insulating layers.

Another common semiconductor device fabrication
problem is the guaranteeing of electrical isolation of a
self-aligned contact from underlying conductive mem-
bers. While etching an insulating layer of the device,
sidewall spacers are often formed along conductive
members to provide electrical isolation. However, in
order to completely etch the insulating material from an
area in which a contact is to be formed, the integrity of
the sidewall spacers is typically difficult to maintain
during the etch process. Sidewall spacers are also at-
tacked during subsequent cleaning steps. Without ade-
quate isolation, the conductive members may be electri-
cally shorted to other conductive members, for instance
a contact, possibly causing the device to fail.

BRIEF SUMMARY OF THE INVENTION

The previously discussed problems are overcome and
further advantages are achieved with the present inven-
tion, in which a contact is formed in a multi-layer semi-
conductor device using a sacrificial plug. In one form,
an imagable material is deposited directly on a substrate
material. The imagable material is lithographically pat-
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terned to form a sacrificial structure on a first portion of
the substrate material while leaving a second portion of
the substrate material exposed. An insulating layer is
formed overlying the second portion of the substrate
material, exposing a portion of the sacrificial structure.
The sacrificial structure is removed to expose the first
portion of the substrate material. A conductive layer is
deposited and patterned to form a contact to the ex-
posed first portion of the substrate material.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1E are cross-sectional views of a semicon-
ductor device fabrication process for forming a contact
in accordance with the present invention.

DETAIL DESCRIPTION OF A PREFERRED
EMBODIMENT

As indicated above, forming a contact in a multi-lay-
ered semiconductor device is becoming increasingly
difficult with circuits of smaller and smaller dimensions.
Some of the problems associated with forming such
contacts include reduced photolithography alignment
tolerances associated with reduced dimensions, planari-
zation of intermediate layers, and isolation of the
contact from underlying conductive layers. A process
for forming a self-aligned contact which addresses these
problems is disclosed in the above-referenced, com-
monly assigned U.S. Pat. No. 4,997,790, issued Mar. §,
1991, entitled, “Process for Forming a Self-Aligned
Contact Structure,” by Woo et al., Ser. No. 07/566,185,
filed Aug. 13,-1990.

The present invention addresses the previously men-
tioned problems and, in addition, can be implemented in
forming non-self-aligned contacts and in forming
contacts after metal layers have been deposited. Al-
though some semiconductor manufacturers are using
self-aligned contacts to overcome problems associated
with alignment, a large number of semiconductor de-
vices require a contact to be formed in an isolated, or
peripheral, region of the device. In isolated regions,
there is often no underlying topography with which to
self-align a contact. The present invention has an advan-
tage in that it can be used to form both self-aligned and
non-self-aligned, or isolated, contacts with one process
flow. A second advantage is that because the present
invention can be performed at temperatures below 250°
C., it can be used after a metal layer has been deposited
on a semiconductor device. Processing operations fol-
lowing metal deposition, also referred to as “back-end
processes,” are usually restricted to temperatures below
400° C. Temperatures much above 400° C. will melt
metal layers, such as aluminum, and therefore cannot be
used. Thus, some proposed processes for forming
contact structures are unsuitable once a metal layer has
been deposited. The present invention does not have
such a limitation.

lustrated in FIGS. 1A-1E are cross-sectional views
which sequentially depict a process for forming a
contact in a semiconductor device in accordance with
the present invention. FIG. 1A illustrates a semiconduc-
tor device 10. The illustration shows a break 11 in semi-
conductor device 10 in order to illustrate two possible
areas of a semiconductor device on which a contact
may be formed. In FIGS. 1A-1E, the portion to the left
of break 11 illustrates formation of a self-aligned
contact, while the portion to the right of break 11 illus-
trates formation of a non-self-aligned, or an isolated
contact. Semiconductor device 10 of FIG. 1A is
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formed, in part, by a substrate material 12. Substrate
material 12 is typically formed of a semiconducting
material, such as silicon, however may instead be an
intermediate conductive layer within device 10. Over-
lying substrate material 12, to the left of break 11, are
two spaced apart conductive members 16 which are
separated from substrate material 12 by an oxide layer
14. Conductive members 16 may be of any conducting
material used in the fabrication of semiconductor de-
vices, such as aluminum, an aluminum alloy, polysili-
con, tungsten, a refractory metal, or the like. Oxide
layer 14 is provided in order to electrically isolate con-
ductive members 16 from substrate material 12 and is
often an SiO; layer, although other dielectric materials
are also suitable. Overlying each conductive member is
a protective dielectric layer 18. Dielectric layer 18 is
used to electrically isolate conductive members 16 from
any subsequent conductive material which may be de-
posited onto semiconductor device 10. To further iso-
late the conductive members, sidewall spacers 20 are
formed on predetermined sides of conductive members
16. Although FIG. 1A illustrates sidewall spacers along
each vertical edge of conductive members 16, it is only
necessary that spacers be formed on edges which will
be proximal to a subsequently formed contact. Materials
which are suitable for use as dielectric layer 18, as well
as sidewall spacers 24, include SiO3, Si3Ny, and the like.
Device 10, as illustrated in FIG. 1A, is fabricated using
conventional processes used in the semiconductor in-
dustry. '

FIGS. 1B-1E illustrate remaining processing steps
which are used to form a self-aligned contact or an
isolated contact, in accordance with the present inven-
tion. As illustrated in FIG. 1B, areas in which contacts
are to be formed are defined by using sacrificial plugs.
An imagable film (not entirely shown), which can be
imaged using actinic radiation, is deposited onto semi-
conductor device 10. Actinic radiation is radiant energy
in the visible and ultraviolet regions of the spectrum
which produces chemical changes in a material. With
respect to semiconductor device fabrication, actinic
radiation includes photolithography, x-ray lithography,
and e-beam lithography techniques. With respect to
FIG. 1B and FIG. 1C, photoresist is used as the imaga-
ble film, although it should be understood that other
films are also suitable. As illustrated in FIG. 1B, por-
tions of the photoresist film are directly in contact with
the substrate material 12. The photoresist film is pat-
terned to form a sacrificial structure, or plug, for in-
stance photoresist plugs 22 and 24. Depositing and pat-
terning the photoresist film is accomplished through
conventional photolithography techniques. Photoresist
plug 22 defines an area where a self-aligned contact will
be formed between conductive members 16, and photo-
resist plug 24 defines an area where an isolated contact
will be formed. The thickness of the deposited imagable
film is not important, although it should be at least the
desired thickness of a subsequent insulating layer. The
width of each of the plugs is governed by the desired
width of a contact, to be formed at a later point.

After forming the sacrificial plugs, a first insulating
layer 26 is deposited over device 10, as illustrated in
FIG. 1C. First insulating layer 26 is illustrated as being
discontinuous over device 10, in other words insulating
layer does not cover photoresist plugs 22 and 24. The
photoresist plugs must be partially exposed so that the
plugs can be selectively removed at a later point. There
are a few methods in practicing the present invention
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with which to achieve a discontinuous first insulating
layer 26. One method is to deposit a glass insulating
layer by ECR (electron cyclotron resonance). Some
ECR systems deposit an insulating layer, but require a
separate etch operation to expose photoresist plugs 22
and 24. Other ECR systems can deposit an insulating
layer and etch the layer in situ with use of a special etch
chemistry. With such an ECR system, material depos-
ited on tall features gets removed while material depos-
ited on recessed features remains. Another way to
achieve a discontinuous insulating layer is to use a SOG
(spin-on-glass) as insulating layer 26. Because SOG is
deposited over an the entire device, using SOG also
requires etching back the insulating layer to expose the
photoresist plugs. Likewise, a PECVD (plasma en-
hanced chemical vapor deposition) oxide may be used
as the insulating layer, but use of a PECVD material
requires a subsequent eich to expose the sacrificial
plugs. ECR glasses, SOGs, and PECVD oxides provide
excellent planarity and each can be etched selectively to
most imagable films, including photoresist. It is impor-
tant to point out that the final thickness of first insulat-
ing layer 26 is not important, only that at least a portion
of photoresist plugs 22 and 24 are exposed and conduc-
tive members 16 are sufficiently isolated.

Photoresist plugs 22 and 24 are subsequently re-
moved from device 10. FIG. 1D illustrates that remov-
ing the plugs defines a self-aligned contact opening to
the left of break 11 and an isolated contact opening to
the right of break 11. Photoresist can be selectively
etched with respect to insulating layer 26 and underly-
ing substrate material 12 quite easily with, for example,
a Piranha etch or an O; plasma etch. A conductive layer
(not entirely shown) is then deposited over device 10.
As FIG. 1E illustrates, the conductive layer is patterned
to form a self-aligned contact 28 and an isolated contact
30. Conductive materials which are suitable to form
contacts 28 and 30 include aluminum, aluminum alloys,
polysilicon, tungsten, refractory metals, or the like. If
desired, the contacts can be etched back selectively to
the underlying layers in order to provide a more planar
surface using conventional etching techniques.

The present inventions permits the formation of both
self-aligned and isolated contacts with one process
which uses a sacrificial plug formed from an actinic
radiation imagable material to define contact openings.
The use of an imagable material allows the contact
formation process to be carried out at temperatures
which are suitable for back-end processing. Most ima-
gable materials can be selectively etched very easily to
any underlying insulating, conducting, and semicon-
ducting layers. Thus, electrical isolation of contacts
from underlying conductive layers is easily maintained.
In addition, the present invention can be implemented
on devices designed for sub-micron technology due to
high resolution capabilities of most imagable materials.
It is also possible to use a multi-layer resist process in
conjunction with the present invention in order to
achieve very small feature sizes. Multi-layer resist pro-
cesses can provide better resolution because the thick-
ness of the resist layer can be reduced and more uni-
formly deposited across a wafter.

Thus, it is apparent that there has been provided, in
accordance with the present invention, a process for
forming a contact structure that fully meets the advan-
tages set forth previously. Although the invention has
been described and illustrated with reference to specific
embodiments, it is not intended that the invention be
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