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[57] ABSTRACT

A simplified method for forming a self-aligned contact hole
is disclosed. The method comprises the steps of (a) provid-
ing a semiconductor substrate having a gate electrode and a
diffusion region thereon; (b) forming a conformal layer of
etch barrier material overlying the substrate surface includ-
ing the diffusion region and the upper surface and the
sidewalls of the gate electrode; (¢) forming an insulating
layer overlying the barrier layer; (d) etching an opening
through the insulating layer self-aligned and borderless to
the diffusion region by using the barrier layer as an etch stop;
and (e) anisotropically etching the barrier layer underneath
the opening, thereby exposing the diffusion region and
simultaneously forming a spacer of the etch barrier material
on the sidewall of the gate electrode.

14 Claims, 5 Drawing Sheets
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METHOD FOR FORMING SELF-ALIGNED
CONTACT HOLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to the fabrication
of semiconductor devices, and more particularly to a sim-
plified method for forming a self-aligned contact hole.

2. Description of the Related Arts

Self-alignment is a technique in which multiple levels of
regions on the wafer are formed using a single mask, thereby
eliminating the alignment tolerance required by additional
masks. This powerful approach is being used more often as
circuit sizes decrease. Self-aligned contacts are often used in
memory cells where contacts are limited only by the spacers
and field oxide bird’s beak or a contact window landing pad.
Therefore, the mask contact window can be oversized rela-
tive to the contact area underneath, and no contact borders
are needed, resulting in significant space saving. Referring
to FIGS. 1A-1E, a conventional process of forming a
self-aligned contact hole is illustrated in cross-sectional
views. The process will be described as follows.

FIG. 1A shows a semiconductor substrate 10 having two
closely spaced field effect transistors with gate electrodes 14,
source/drain diffusion regions 18, and gate oxides 12. The
gate electrodes 14, commonly consisting of polysilicon and
silicide, are capped with an insulator 16 of silicon nitride.
Next, a thin oxide layer 20 is formed over the substrate
surface and on the sidewalls of the gate electrode 14 by rapid
thermal oxidation at about 800 to 1100° C.

Referring to FIG. 1B, a conformal layer of silicon nitride
22 having a thickness of about 100 to 600 Ais deposited
over the substrate surface using low pressure chemical vapor
deposition (LPCVD). The conformal silicon nitride layer 22
is anisotropically etched to form nitride spacers 22a on the
sidewalls of the gate electrodes 22 and the cap layers 16, as
shown in FIG. 1C. Then, the thin oxide layer on the substrate
surface is removed by HF solution to expose the diffusion
region 18.

Referring to FIG. 1D, a conformal layer of etch barrier
material 24 is deposited over the diffusion region 18, the cap
layers 16, and the sidewall spacers 22a. The barrier layer is
typically a silicon nitride layer having a thickness of about
100 to 500 A. A layer of insulator 26 is deposited over the
substrate as inter-layer dielectric (ILD) and is preferably
planarized. The insulating layer 26 may consist of one or
more dielectric depositions of spin on glass (SOG), silicon
oxide, borophosphosilicate (BPSG), and so on.

Referring to FIG. 1E, using a photoresist mask 28, a
contact hole 29 is etched in the insulating layer 26 with the
barrier layer 24 serving as an etch stop, which is finally
removed to expose the diffusion region 18. The etching of
the insulating layer 26 is selective to the capping layers 16
and sidewall spacers 22a encapsulating the gate electrodes
14 so that the contact hole is self-aligning in nature.

The fabricating method described above, however,
requires complicated processes. For example, two deposi-
tions of silicon nitride are required for forming the confor-
mal layer 22 and the barrier layer 24, respectively. Besides,
the two layers are to be etched individually. The conformal
nitride layer 22 is etched to form nitride spacers 224, and the
barrier layer 24 is etched to reveal the underlying diffusion
region 18 after the contact hole etching. Thus, improvements
are needed to eliminate process steps so as to reduce the
manufacturing cost and to increase the throughput.
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2
SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
simplified method for forming a self-aligned contact hole.

To accomplish the above objective, the present invention
provides a method for forming a self-aligned contact hole. In
this method, the conformal layer used for forming sidewall
spacers of gate electrodes will not be etched until a contact
opening is formed, such that the conformal layer can serve
as an etch barrier that protects the diffusion region during the
contact hole etching. Thus, there is no need for depositing
another etch barrier layer. Furthermore, the etching for
sidewall spacers can be thus incorporated into the contact
hole etching, thereby eliminating process steps.

The present method for forming a self-aligned contact
includes the steps of: (a) providing a semiconductor sub-
strate having a gate electrode and a diffusion region thereon;
(b) forming a conformal layer of etch barrier material
overlying the substrate surface including the diffusion region
and the upper surface and the sidewalls of the gate electrode;
(c) forming an insulating layer overlying the barrier layer;
(d) etching an opening through the insulating layer self-
aligned and borderless to the diffusion region by using the
barrier layer as an etch stop; and (e) anisotropically etching
the barrier layer underneath the opening, thereby exposing
the diffusion region and simultaneously forming a spacer of
the etch barrier material on the sidewall of the gate elec-
trode.

Other objects, features, and advantages of the present
invention will become apparent from the following detailed
description which makes reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 1E are cross-sectional views illustrat-
ing the steps of a conventional method for fabricating a
self-aligned contact hole; and

FIGS. 2A through 2D are cross-sectional views illustrat-
ing the steps for fabricating a self-aligned contact hole
according to a preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now in keeping with the objective of this invention, the
method for fabricating a self-aligned contact hole is
described in detail.

Referring to FIG. 2A, two closely spaced field effect
transistors with gate electrodes 54, source/drain diffusion
regions 58, and gate oxides 52 are defined in a semicon-
ductor substrate 50 using known processes. The gate elec-
trodes 54, preferably consisting of polysilicon and tungsten
silicide, are capped with an insulator 56 of silicon nitride.
The process details for forming such field effect transistors
are well known and will not be described here. Next, a thin
oxide layer 60 having a thickness of about 150 A is formed
over the substrate surface and on the sidewalls of the gate
electrode 54 by rapid thermal oxidation at about 800 to
1100° C.

Referring to FIG. 2B, a conformal layer of silicon nitride
62 is deposited over the substrate surface using low pressure
chemical vapor deposition (LPCVD). The conformal silicon
nitride layer 62, as described earlier, acts as sidewall spacers
of gate electrode 54 as well as an etch stop at contact hole
etching. The conformal layer 62 preferably has a thickness
of about 100 to 500 A, and more preferably has a thickness
of about 200 to 350 A.
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Referring to FIG. 2C, a layer of insulator 64 is deposited
over the substrate as inter-layer dielectric (ILD) and is
preferably planarized. The insulating layer 64 may consist of
one or more dielectric depositions of spin on glass (SOG),
silicon oxide, borophosphosilicate (BPSG), and the like. It
should be particularly noted that the process steps of aniso-
tropically etching for sidewall spacers and depositing a
barrier layer necessary in the conventional method are
omitted here.

Referring to FIG. 2D, using a photoresist mask 66, a
contact hole 67 is etched in the insulating layer 64 in a
self-aligned manner. During this etch, the conformal nitride
layer 62 serves as an etch barrier to protect the diffusion
region 58 from being attacked by etching. Moreover, as
depicted in FIG. 2C, it provides extra thickness d to protect
the gate electrode 54 when compared to that of the conven-
tional method (see FIG. 1C for reference). Next, the con-
formal nitride layer 62 underneath the opening is anisotro-
pically etched to remove the portion over the diffusion
region 58. Simultaneously with this etch, nitride spacers 62a
are formed on sidewalls of the gate electrode 54. After
removing the photoresist 66, the thin oxide layer 60 is
removed by HF solution to expose the diffusion region 58,
thereby completing the contact hole.

Thereafter, a conductive plug can be formed in the contact
hole 67 to electrically connect to the diffusion region 58. The
conductive plug is preferably chosen from polysilicon,
tungsten, molybdenum, aluminum alloys, copper alloys, and
the like. It can be formed by overfilling the contact hole and
removing the conductive material outside of the contact hole
by etch back or chemical mechanical polishing.

According to a feature of the present invention, because
the conformal nitride layer 62 is not etched until the contact
opening is formed, it provides extra thickness d to protect
the gate electrode 54 at the contact hole etching. Further, the
same nitride layer is anisotropically etched to form sidewall
spacers that prevent shorting between the gate electrode and
the conductive plug.

The simplified method of the invention overall reduces
one etch step and one deposition step as compared to the
conventional method illustrated by FIGS. 1A through 1E.
Accordingly, the manufacturing cost is reduced and the
throughput is increased. Further, since the method of the
present invention provides a better etch barrier at the contact
hole etching, it is advantageous in process tolerance and
reliability.

While the invention has been particularly shown and
described with the reference to the preferred embodiment
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without
departing from the spirit and scope of the invention.

What is claimed is:

1. A method for forming a self-aligned contact hole,
comprising the steps of:

(a) providing a semiconductor substrate having a gate

electrode and a diffusion region thereon;

(b) forming a conformal layer of etch barrier material
overlying the substrate surface including the diffusion
region and the upper surface and the sidewalls of the
gate electrode;

(c) forming an insulating layer overlying the barrier layer;

(d) etching an opening through the insulating layer self-
aligned and borderless to the diffusion region by using
the barrier layer as an etch stop; and
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(e) anisotropically etching the barrier layer underneath the
opening, thereby exposing the diffusion region and
simultaneously forming a spacer of the etch barrier
material on the sidewall of the gate electrode.

2. The method as claimed in claim 1, further comprising

a step of forming an oxide layer over the diffusion region
and on the sidewalls of the gate electrode by thermal
oxidation prior to forming the barrier layer.

3. The method as claimed in claim 1, wherein said gate
electrode comprises a capping layer of silicon nitride.

4. The method as claimed in claim 1, wherein said barrier
layer is a silicon nitride layer.

5. The method as claimed in claim 4, wherein said barrier
layer has a thickness between about 100 to 500 A.

6. The method as claimed in claim 1, wherein said
insulating layer comprises a layer of borophosphosilicate
glass.

7. The method as claimed in claim 1, wherein step (c)
comprises:

depositing an insulating layer overlying the barrier layer;
and

planarizing the insulating layer.

8. The method as claimed in claim 1, further comprising
forming a conductive plug in said opening to electrically
connect to the diffusion region.

9. A method for forming a self-aligned contact hole,
comprising the steps of:

(a) providing a semiconductor substrate having a gate
electrode and a diffusion region thereon, said gate
electrode comprising a capping layer;

(b) forming an oxide layer over the diffusion region and
on the sidewalls of the gate electrode by thermal
oxidation,;

(c) forming a conformal layer of silicon nitride overlying
the substrate surface including the diffusion region and
the upper surface and the sidewalls of the gate elec-
trode;

(d) forming an insulating layer overlying the conformal
layer of silicon nitride;

(e) etching an opening through the insulating layer self-
aligned and borderless to the diffusion region by using
the silicon nitride layer as an etch stop; and

(e) anisotropically etching the silicon nitride layer under-
neath the opening, thereby exposing the diffusion
region and simultaneously forming a spacer of silicon
nitride on the sidewall of the gate electrode.

10. The method as claimed in claim 9, wherein said

capping layer is a silicon nitride layer.

11. The method as claimed in claim 9, wherein said
conformal layer of silicon nitride has a thickness between
about 100 to 500 A.

12. The method as claimed in claim 9, wherein said
insulating layer comprises a layer of borophosphosilicate
glass.

13. The method as claimed in claim 9, wherein step (d)
comprises:

depositing an insulating layer overlying the conformal
layer of silicon nitride; and

planarizing the insulating layer.

14. The method as claimed in claim 9, further comprising
forming a conductive plug in said opening to electrically
connect to the diffusion region.
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