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[57] ABSTRACT

A nonvolatile memory device and a manufacturing method
thereof are provided. The nonvolatile memory device
includes memory cells which are formed in a cell array
region, peripheral circuit devices which are formed in a
peripheral circuit region at the periphery of the cell array
region, a field oxide film which is formed between the cell
array region and the peripheral circuit region, and a dummy
conductive pattern which is formed along and on the field
oxide film. Accordingly, damage to the substrate formed
between the peripheral circuit region and the cell array
region can be reduced, thus a characteristic of insulation

between devices can be enhanced.
3 Claims, 7 Drawing Sheets
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NONVOLATILE MEMORY DEVICE AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor memory
device and a manufacturing method thereof, and more
particularly, to a nonvolatile memory device in which a
dummy conductive pattern is formed on a field oxide film
between a cell array region and a peripheral circuit region
and to a manufacturing method thereof.

A flash EEPROM has a floating gate for storing data and
a control gate for controlling the floating gate, and is
characterized by data being programmed or erased by appli-
cation of a high voltage signal to the control gate or a pocket
well.

The technique of the flash EEPROM is disclosed in detail
in “A 2.3 um* Memory Cell Structure for 16 Mb NAND
EEPROMSs” of pp. 103-106 of IEDM written by R. Shirota
et al in 1990.

In manufacturing the flash EEPROM, a self alignment
process in which accumulated multilayer materials are
simultaneously etched is necessary for forming the control
gate and the floating gate.

FIGS. 1A through 1C are sectional views for illustrating
a conventional manufacturing method of a nonvolatile
memory device, particularly, the above-mentioned self
alignment process.

First, field oxide film 4 is formed on a surface of semi-
conductor substrate 2, and thin oxide film 6 is formed on an
active region of the semiconductor substrate, and then
floating gate formation material 8 and insulating film 10 are
accumulated. Subsequently, floating gate formation material
8 and insulating film 10 are etched using a mask pattern (not
shown) for forming a floating gate, and then control gate
formation material 12 is deposited on the whole surface of
the resultant substrate. Next, first photosensitive film pattern
16 covering a cell array region and gate electrodes of a
peripheral circuit region is formed (see FIG. 1A).

Through an etching process, using the first photosensitive
film pattern 16, control gate pattern 124 is formed in the cell
array region, and gate electrode 12b is formed in the
peripheral circuit region. Then, second photosensitive film
pattern 17, for covering the peripheral circuit region and the
region where a control gate of the cell array region will be
formed, is formed (see FIG. 1B).

By simultaneously etching of the accumulated materials,
using the second photosensitive film patterns for forming the
control gate as a mask (the process of self alignment), cells
having floating gate 8a, insulating film 10 and control gate
12¢ are formed in the cell array region (see FIG. 1C).

While the distance between cells becomes narrower, as
integration of the memory device is increased, the thickness
of accumulated layers on the semiconductor substrate such
as the floating gate formation material, the insulating film,
the control gate formation material and the second photo-
sensitive film pattern remains unchanged. Accordingly, the
aspect ratio(height/width) between the patterns becomes
higher during the process of self alignment (the processes of
FIGS. 1B and 10).

The distance between the cells (reference character “A” of
FIG. 1B) is reduced to about 0.5 um as integration is
increased, while the height of a cell pattern including the
floating gate, the control gate and the second photosensitive
film pattern is approximately 1.5 um. Accordingly, a very
high aspect ratio of approximately 3.0 results during the
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2

process of self alignment. The usual thickness of the floating
gate is 1,000 A-—2,000 A, that of the control gate 1is approxi-
mately 3,000 A, and that of the second photosensitive film
pattern is approximately 10,000 A.

In the case of a high aspect ratio between patterns, etchant
flows between the patterns so unstably that the patterns form
non-uniformly.

FIGS. 2A through 2D are sectional views for illustrating
another conventional manufacturing method of a nonvolatile
memory device, which is proposed for solving the problems
described above and illustrated in FIGS. 1A through 1C.

An insulating material layer is coated on the control gate
formation material, and then first photosensitive film pattern
16 is formed the such manner as that described above with
respect to FIG. 1A. Subsequently, the accumulated materials
on the semiconductor substrate are etched using first pho-
tosensitive film pattern 16 to form gate electrode 12b in the
peripheral circuit region 16, and pattern 12a for forming a
control gate in the cell array region (see FIG. 2A). Here,
insulating material patterns 15 and 15b are formed on
pattern 12a for forming the control gate and gate electrode
12b, respectively.

Subsequently, second photosensitive film pattern 17 is
formed on the resultant substrate having insulating material
patterns 15a and 15b, and then control gate pattern 15¢ is
formed by anisotropically etching insulating material pat-
terns 154 and 15b using second photosensitive film pattern
17 as a mask (see FIG. 2B). The second photosensitive film
pattern 17 is then eliminated (see FIG. 2C).

Through an anisotropic etching process using control gate
pattern 15¢ as a mask, cells having floating gate 8a, insu-
lating film 10 and control gate 12¢ are formed in the cell
array region (see FIG. 2D).

In the manufacturing method as described in FIGS. 2A
through 2D, the process of self alignment is performed using
insulating material patterns 154 and 15b as a mask, so that
the aspect ratio between patterns can be lowered by the
height of the second photosensitive film pattern.
Accordingly, non-uniformity of patterns due to non-uniform
flow of etchant running between patterns can be reduced.

However, damages “D” to substrates occur in the periph-
eral circuit region and the boundary region, as shown in FIG.
2D, causing deterioration in the reliability of the memory
device.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a nonvolatile memory device for enhancing insula-
tion between devices by reducing damage in a substrate in
a peripheral circuit region and a boundary region.

It is another object of the present invention to provide a
manufacturing method of the nonvolatile memory device.

To accomplish the above described first object of the
present invention, there is provided a nonvolatile memory
device including memory cells which are formed in a cell
array region, peripheral circuit devices which are formed in
a peripheral circuit region at the periphery of the cell array
region, a field oxide film which is formed between the cell
array region and the peripheral circuit region, and a dummy
conductive pattern which is formed along and on the field
oxide film.

It is preferable that a groove is further formed in the field
oxide film in parallel alignment with one side of the dummy
conductive pattern.

It is preferable that the dummy conductive pattern is
electrically connected to either a ground node on a power
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supply electrode, and that it is formed of the same material
as that of the control gate in the memory cell. It is further
preferable that the material is selected from a group con-
sisting of polysilicon and polycide, which is made of accu-
mulated polysilicon and silicide.

To accomplish the above described second object of the
present invention, there is provided a manufacturing method
of the nonvolatile memory device comprising the steps of:
forming a first field oxide film for defining a cell array region
and a peripheral circuit region, and a second field oxide film
defining a unit memory cell region in the cell array region on
the semiconductor substrate; forming a first insulating film
on an exposed semiconductor substrate between the first and
second field oxide films, forming a first conductive layer and
a second insulating film sequentially on the resultant sub-
strate having the first insulating film; forming a first photo-
sensitive film pattern for forming a floating gate on the
resultant substrate having the first conductive layer and
second insulating film; etching accumulated materials on the
first insulating film by using the first photosensitive film
pattern; eliminating the first photosensitive film pattern;
forming a second conductive layer and an etching stopper
layer sequentially on the obtained resultant substrate; form-
ing a second photosensitive film pattern covering a part of
the first field oxide film and the peripheral circuit region, and
forming a third photosensitive film pattern for forming a
control gate, on the etching stopper layer; patterning the
etching stopper layer using the second and third photosen-
sitive film patterns; eliminating the second and third pho-
tosensitive film patterns; patterning accumulated materials
on the semiconductor substrate using the patterned etching
stopper layer; forming a fourth photosensitive film pattern to
cover the cell array region and a part of the first field oxide
film which has been covered by the second photosensitive
film pattern, and forming a fifth photosensitive film pattern
for forming a device which forms the peripheral circuit
region, on the obtained resultant substrate; and forming a
peripheral circuit device in the peripheral circuit region and
a dummy conductive pattern on the first field oxide film by
patterning accumulated materials on the semiconductor sub-
strate using the fourth and fifth photosensitive film patterns.

It is preferable that the first insulating film is formed by
growing an oxide to a thickness of approximately 100 At
is also preferable that the first conductive layer is formed by
depositing polysilicon to a thickness of 1,000 A-2,000 A,
and the second conductive layer is formed by depositing
polysilicon or polycide which is made of accumulated
polysilicon and silicide, to a thickness of 2,000 A—S,OOO A.
It is further preferable that the second insulating film is
formed in an accumulated form of an oxide film/ a nitride
film/ an oxide film.

It is preferable that the etching stopper layer be a material
having high etching selectivity to material forming the first
and second conductive layers, and further that it be an oxide
film or a nitride film formed by a chemical vapor deposition
method.

In the nonvolatile memory device and the manufacturing
method thereof according to the present invention, the
insulation property between devices can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more apparent by describing in detail a pre-
ferred embodiment thereof with reference to the attached
drawings in which:

FIGS. 1A through 1C are sectional views for illustrating
a conventional manufacturing method of a nonvolatile
memory device;
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FIGS. 2A through 2D are sectional views for illustrating
another conventional manufacturing method of a nonvolatile
memory device;

FIG. 3 is a sectional view of a nonvolatile memory device
according to the present invention; and

FIGS. 4A through 4F are sectional views for illustrating
a manufacturing method of a nonvolatile memory device
according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 3, reference numeral 22 indicates a semiconductor
substrate, 24 indicates a first field oxide film, 25 indicates a
second field oxide film, 26 indicates a first insulating film,
28a indicates a floating gate, 30 indicates a second insulating
film, 34a indicates a control gate, 34c indicates a dummy
conductive pattern, 34d indicates a peripheral circuit device,
36a indicates a first etching stopper layer pattern, 36¢
indicates a third etching stopper layer pattern and 36d
indicates a fourth etching stopper layer pattern.

First field oxide film 24 for defining a cell array region
and a peripheral circuit region and second field oxide film 25
for defining each cell unit in the cell array region are formed
on semiconductor substrate 22, and first insulating film 26 is
formed on semiconductor substrate 22 between field oxide
films 24 and 25. The cell array region has cells, formed of
first insulating film 26, floating gate 28a, second insulating
film 30 and control gate 34a, and first etching stopper layer
pattern 36a is formed on control gate 34a of each cell.
Dummy conductive pattern 34c is formed on first field oxide
film 24. Groove “A” is formed in first field oxide film 24 in
alignment with one side of the dummy conductive pattern
34c, and third etching stopper layer pattern 36c¢ is formed on
dummy conductive pattern 34c. The peripheral circuit
region has peripheral circuit device 34d and fourth etching
stopper layer pattern 36d accumulated thereon.

Here, dummy conductive pattern 34c¢ is connected to a
ground node or power supply electrode Vce (not shown).

FIG. 4A illustrate the process of forming a first photo-
sensitive film pattern 32 for forming a floating gate to be
comprised of multiple steps or processes.

The first step involves forming first field oxide film 24 for
defining a cell array region and a peripheral circuit region
and second field oxide film 25 for defining each cell unit in
the cell array region by a usual local oxidation of silicon
(LOCOS) method on semiconductor substrate 22.

The second step involves forming first insulating film 26
on exposed semiconductor substrate 22, between first and
second field oxide films 24 and 25 by growing an oxide film.

The third step involves forming first conductive layer 28
by depositing conductive material such as polysilicon on the
resultant substrate, having first insulating film 26, to a
thickness of 1,000 A-2,000 A.

The fourth step involves forming second insulating film
30 which is accumulated in the form of an oxide film/a
nitride film/an oxide film on first conductive layer 28.

The fifth step involves forming first photosensitive film
pattern 32 for forming the floating gate by coating the
formed second insulating film with photosensitive material
such as photoresist and then developing the coated photo-
sensitive material.

Finally the sixth step involves anisotropically etching the
accumulated materials on the semiconductor substrate using
first photosensitive film pattern 32 as a mask.

Here, it is also possible to perform the fourth step of
forming second insulating film 30 after the sixth step of

Petitioner Micron Ex-1062, 0010



5,932,920

5

etching the accumulated materials on semiconductor sub-
strate 22. That is, the process of forming second insulating
film 30 can be performed in various manners.

FIG. 4B illustrates the formation of second conductive
layer 34, etching stopper layer 36, second photosensitive
film pattern 38 and third photosensitive film pattern 39 to be
comprised of multiple steps or processes

The first step involves eliminating first photosensitive
film pattern 32(shown in FIG. 4A) and then accumulating
second conductive layer 34 and etching stopper layer 36 on
the whole surface of the structure resultant from the removal
of the first photosensitive film.

The second step of involves coating etching stopper layer
36 with photosensitive material such as photoresist to a
thickness of, for example, 1.0 um.

Finally the third step involves forming second photosen-
sitive film pattern 38, which covers the peripheral circuit
region and extends over a part of first field oxide film 24, and
third photosensitive film pattern 39 for forming a control
gate.

Here, second conductive layer 34 is formed by depositing
polysilicon or polycide, which is made of accumulated
polysilicon and silicide, to a thickness of 2,000-3,000 A,
and etching stopper layer 36 is formed by depositing mate-
rial having high etching selectivity to material forming the
first and second conductive layers, e.g., an oxide layer or a
nitride layer by a chemical vapor deposition method.

As shown in FIG. 4C, the etching, stopper layer 36
(shown in FIG. 4B) is anisotropically etched using second
and third photosensitive film patterns 38 and 39 as a mask,
to form first etching stopper layer pattern 36a and second
etching stopper layer pattern 36b, respectively.

As shown in FIG. 4D, accumulated materials on semi-
conductor substrate 22 are anisotropically etched using first
and second etching stopper layer patterns 36a and 36b as a
mask, so that each cell comprised of first insulating film 26,
floating gate 284, second insulating film 30 and control gate
344 is formed in a cell array region. Conductive pattern 34b,
which covers part of field oxide film 24 and the peripheral
circuit region, is also formed in the peripheral circuit region.

Here, a thickness of the accumulated material layers in the
cell array region is different from that of the accumulated
material in the peripheral circuit region, so that groove “A”
is formed in first oxide film 24 between second photosen-
sitive film pattern 38 (of FIG. 4C) and third photosensitive
film pattern 39 (of FIG. 4C).

As shown in FIG. 4E, the whole surface of the resultant
substrate where unit cells are formed in the cell array region
is coated with photosensitive material such as photoresist,
and then the photosensitive material is developed, to form
fourth photosensitive film pattern 40 which covers a part of
first field oxide film 24 and all of the cell array region. Fifth
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photosensitive film pattern 41 is used for forming a periph-
eral circuit device.

Here, a region protected by fourth photosensitive pattern
40 should be overlapped with a part of a region which has
been protected by second photosensitive film pattern 38.
That is, fourth photosensitive film pattern 40 is formed in
order to protect a part of second etching stopper layer pattern
36b.

As shown in FIG. 4F, the accumulated materials on the
semiconductor substrate are anisotropically etched using the
fourth and fifth photosensitive film patterns 40 and 41 as a
mask, to form dummy conductive pattern 34c and peripheral
circuit device 344 identical to fifth photosensitive film
pattern 41 (of FIG. 4E).

In the nonvolatile memory device and the manufacturing
method thereof, according to the present invention, dummy
conductive pattern 34c¢ is formed on first field oxide film 24
between the peripheral circuit region and the cell array
region, thereby reducing the possibility of damage of first
field oxide film 24 and/or the substrate of the peripheral
circuit region. Thus, the insulation characteristics are
between devices enhanced.

It should be understood that the invention is not limited to
the illustrated embodiment and that many changes and
modifications can be made within the scope of the invention
by a skilled person in the art.

What is claimed is:

1. A nonvolatile memory device comprising:

memory cells which are formed in a cell array region;

peripheral circuit devices which are formed in a periph-
eral circuit region at the periphery of said cell array
region;

a field oxide film which is formed between said cell array
region and said peripheral circuit region;

a dummy conductive pattern which is formed along and
on said field oxide film and is formed of the same
material as that forming a control gate in the memory
cell and a gate in the peripheral circuit devices;

a groove formed in said field oxide film in parallel
alignment with one side of said dummy conductive
pattern; and

an etching stopper layer pattern formed on said dummy
conductive pattern.

2. A nonvolatile memory device according to claim 1,
wherein said dummy conductive pattern is electrically con-
nected to one of a ground node and power supply electrode.

3. A nonvolatile memory device according to claim 1,
wherein said material is one selected from the group con-
sisting of polysilicon and polycide, which is made of accu-
mulated polysilicon and silicide.

#* #* #* #* #*

Petitioner Micron Ex-1062, 0011





