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(57) ABSTRACT

A proposed non-volatile semiconductor memory and a
method of manufacturing the same are directed to perform-
ing stable and highly reliable operations. First, grooves are
formed in a p-type silicon semiconductor substrate, and
impurity diffusion layers are formed on the bottom surfaces
of the grooves. A gate insulating film is then formed on the
p-type silicon semiconductor substrate. This gate insulating
film has a three-layer structure in which a first insulating film
made of a silicon oxide film, a charge capturing film made
of a silicon nitride film, and a second insulating film made
of a silicon oxide film, are laminated in this order. A gate
electrode is then formed on the gate insulating film. A
convexity formed by the grooves serves as the channel
region of the non-volatile semiconductor memory. Even if
the device size is reduced, an effective channel length can be
secured in this non-volatile semiconductor memory. Thus,
excellent stability and reliability can be achieved.
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NON-VOLATILE SEMICONDUCTOR MEMORY
AND METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/080,652 filed on Mar. 16, 2005,
which is a divisional of U.S. patent application Ser. No.
10/387,427 filed on Mar. 14, 2003.

BACKGROUND OF THE INVENTION
[0002] (1) Field of the Invention

[0003] The present invention relates to non-volatile semi-
conductor memories and methods of manufacturing the
same. More particularly, the present invention relates to a
non-volatile semiconductor memory that stores information
by capturing electrons in a gate insulating film formed
between a semiconductor substrate and gate electrode, and
a method of manufacturing such a non-volatile semiconduc-
tor memory.

[0004] (2) Description of the Related Art

[0005] There have been non-volatile semiconductor
memories that perform information read and write by locally
capturing electrons in an insulating film having a charge
capturing ability. In recent years, non-volatile semiconduc-
tor memories that store 2-bit information in each one
memory cell have been developed from the conventional
non-volatile semiconductor memories.

[0006] FIGS. 23A and 23B illustrate an example of a
conventional non-volatile semiconductor memory. FIG.
23A is a sectional view of the conventional non-volatile
semiconductor memory in a write operation, and FIG. 23B
is a sectional view of the same memory in the read operation.

[0007] A non-volatile semiconductor memory 200 has a
pair of impurity diffusion layers 202 and 203 formed on the
surface areas of a p-type silicon semiconductor substrate
201. The impurity diffusion layers 202 and 203 function as
the source and drain of the non-volatile semiconductor
memory 200. A gate insulating film 204 is formed on top of
the p-type silicon semiconductor substrate 201, and a gate
electrode 205 is formed on the gate insulating film 204.

[0008] The gate insulating film 204 has a three-layer
structure in which a first insulating film 204¢ made of a
silicon oxide film, a charge capturing film 2045 made of a
silicon nitride film, and a second insulating film 204¢ made
of a silicon oxide film, are laminated in this order.

[0009] With this non-volatile semiconductor memory 200,
information write and read are carried out by locally cap-
turing electrons in charge capture regions formed within the
charge capturing film 2045 in the vicinities of the impurity
diffusion layers 202 and 203 at a reasonable voltage. In
FIGS. 23A and 23B, a left bit region 206 and a right bit
region 207 are shown as the charge capturing regions. The
non-volatile semiconductor memory 200 can write and read
1 bit each in the left bit region 206 and the right bit region
207, which is 2 bits in total.

[0010] To write information in the left bit region 206 of
this non-volatile semiconductor memory 200, a voltage of 5
V is applied to the impurity diffusion layer 202, a voltage of
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0 V is applied to the impurity diffusion layer 203, and a
voltage of approximately 8 V is applied to the gate electrode
205. By doing so, an inversion layer 208a is formed between
the impurity diffusion layers 202 and 203, as shown in FIG.
23A, and channel hot electrons generated in the vicinity of
the impurity diffusion layer 202 are captured in the left bit
region 206, skipping the first insulating film 204a.

[0011] To read information from the left bit region 206, the
voltages reversed from the information write voltages are
applied to the impurity diffusion layers 202 and 203. For
example, a voltage of 0 V is applied to the impurity diffusion
layer 202, and a voltage of 2 V is applied to the impurity
diffusion layer 203. A voltage of approximately 5 V is
applied to the gate electrode 205.

[0012] If electrons are captured in the left bit region 206,
an inversion layer 20856 is shut off due to the influence from
the captured electrons, as shown in FIG. 23B, and the
current does not flow between the impurity diffusion layers
202 and 203.

[0013] If electrons are not captured in the left bit region
206, electrons captured in the right bit region 207 do not
have influence on operations of reading information from
the left bit region 206. This is because, if electrons are
captured in the right bit region 207, the inversion layer 2085
partially disappears in the vicinity of the impurity diffusion
layer 203, but the influenced range is narrower than the
channel length, and the influence on the current is so small
that it can be ignored. On the other hand, if electrons are not
captured in the right bit region 207, the inversion layer 2085
does not disappear, and a current corresponding to the
applied voltages flow between the impurity diffusion layers
202 and 203.

[0014] The same applies to the case where the above
electron holding conditions of the left bit region 206 and the
right bit region 207 are reversed.

[0015] In recent years, there has been an increasing
demand for higher performance and higher reliability in
various types of smaller semiconductor devices equipped
with non-volatile semiconductor memories of the above
structure.

[0016] However, as the channel length becomes shorter
with a reduction of the size of each semiconductor device,
the ratio of the charge capturing region length to the channel
length becomes higher. This fact has caused a problem that,
when information is to be read from one bit region, the
influence of electrons captured in the other bit region cannot
be ignored.

[0017] FIGS. 24A and 24B illustrate an example of a
conventional small-sized non-volatile semiconductor
memory. FIG. 24A illustrates a situation in which an inver-
sion layer has partially disappeared, and FIG. 24B illustrates
a situation in which a deviation has been caused in the
locations of the bit regions.

[0018] In a non-volatile semiconductor memory 300, the
distance between a left bit region 302 and a right bit region
303 formed within a charge capturing film 301 is short, as
the channel length is short.

[0019] In the case shown in FIGS. 24A and 24B, infor-
mation is to be read from the left bit region 302 of the



US 2006/0249771 Al

non-volatile semiconductor memory 300, when electrons are
not captured in the left bit region 302, but are captured in the
right bit region 303.

[0020] In this case, an inversion layer 304 of the channel
region partially disappears in the vicinity of the right bit
region 303, due to the negative electric field generated by the
captured electrons, as shown in FIG. 24A. As the channel
length becomes shorter, the ratio of the disappearing part of
the inversion layer 304 to the channel length becomes
higher. As a result, the current flowing between impurity
diffusion layers 305 and 306 greatly decreases at the time of
reading information from the left bit region 302, and an
accurate read operation cannot be performed.

[0021] In this conventional structure, the charge capturing
film 301 is formed on the entire area of the channel region.
Because of this, when there is a change in the drain voltage
or the gate voltage at the time of reading, the right bit region
303 that holds electrons might shift toward the left bit region
302, as shown in FIG. 24B. As a result, the effective channel
length becomes shorter. This problem becomes more pro-
nounced, when the distance between the bit regions that
serves as the charge capturing regions becomes shorter with
a further reduction of the channel length. This problem
results in an inaccurate read operation for the same reason as
the case of FIG. 24A.

[0022] To solve the above problem, the inversion layer
304 may be pinched off in front of the right bit region 303
at the time of reading information from the left bit region
302, so that the influence of the disappearance can be
minimized. In doing so, however, a high voltage needs to be
applied to the source and drain or the gate electrode. As a
result, channel hot electrons are generated. When these
electrons are captured in the charge capturing film 301,
inaccurate write might be carried out at the time of reading.

[0023] Also, the above problem may be solved by nar-
rowing the charge capturing regions through a reduction of
the quantity of electrons to be captured in the charge
capturing regions. In doing so, however, the reliability in
data holding greatly decreases. For instance, in a case where
electrons are captured in the left bit region 302 but not in the
right bit region 303, a part of the inversion layer 304 in the
vicinity of the left bit region 302 might not sufficiently
disappear at the time of reading information from the left bit
region 302, with the quantity of the captured electrons being
small. This situation results in a problem that the current
remains to flow.

SUMMARY OF THE INVENTION

[0024] Taking into consideration the above, it is an object
of'the present invention to provide a small-sized non-volatile
semiconductor memory that can perform steady and reliable
operations despite its size, and a method of manufacturing
such a non-volatile semiconductor memory.

[0025] The above object of the present invention is
achieved by a non-volatile semiconductor memory having
charge capturing regions in a gate insulating film formed
between a semiconductor substrate and a gate electrode.
This non-volatile semiconductor memory includes the gate
insulating film on the semiconductor substrate having a
convexity formed thereon. In the gate insulating film, the
charge capturing regions are formed in the vicinities of the
side walls of the convexity.
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[0026] The above object of the present invention is also
achieved by a method of manufacturing a non-volatile
semiconductor memory having charge capturing regions in
a gate insulating film formed between a semiconductor
substrate and a gate electrode. This method includes the
steps of: forming grooves in the semiconductor substrate
that serves as a first conductive member; forming impurity
diffusion layers that serve as a second conductive member
on the bottom surfaces of the grooves; and forming the gate
insulating film on the semiconductor substrate having the
impurity diffusion layers formed thereon. The gate insulat-
ing film includes a charge capturing film in which the charge
capturing regions are to be formed.

[0027] The above object of the present invention is also
achieved by a method of manufacturing a non-volatile
semiconductor memory having charge capturing regions in
a gate insulating film formed between a semiconductor
substrate and a gate electrode. This method includes the
steps of: forming an impurity diffusion layer that serves as
a second conducive member on the semiconductor substrate
that serves as a first conductive member; forming a groove
in the semiconductor substrate having the impurity diffusion
layer formed thereon; and forming the gate insulating film
on the semiconductor substrate having the groove formed
therein. The gate insulating film includes a charge capturing
film in which the charge capturing regions are to be formed.

[0028] The above and other objects, features and advan-
tages of the present invention will become apparent from the
following description when taken in conjunction with the
accompanying drawings which illustrate preferred embodi-
ments of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a plan view of a non-volatile semicon-
ductor memory according to a first embodiment of the
present invention.

[0030] FIG. 2 is a sectional view of the non-volatile
semiconductor memory, taken along the line A-A of FIG. 1.

[0031] FIG. 3 is a sectional view of the non-volatile
semiconductor memory, taken along the line B-B of FIG. 1.

[0032] FIG. 4 illustrates an example of the circuit struc-
ture of the non-volatile semiconductor memory according to
the first embodiment.

[0033] FIG. 5A illustrates a write operation of the non-
volatile semiconductor memory according to the first
embodiment.

[0034] FIG. 5B illustrates a read operation of the non-
volatile semiconductor memory according to the first
embodiment.

[0035] FIG. 5C illustrates an erase operation of the non-
volatile semiconductor memory according to the first
embodiment.

[0036] FIG. 6A is a sectional view of the non-volatile
semiconductor memory in a first ion implanting step of a
non-volatile semiconductor memory manufacturing method
according to the first embodiment.

[0037] FIG. 6B is a sectional view of the non-volatile
semiconductor memory in a convexity forming step in the
method according to the first embodiment.
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[0038] FIG. 6C is a sectional view of the non-volatile
semiconductor memory in a second ion implanting step in
the method according to the first embodiment.

[0039] FIG. 7A is a sectional view of the non-volatile
semiconductor memory in an impurity diffusion layer form-
ing step in the method according to the first embodiment.

[0040] FIG. 7B is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the first embodiment.

[0041] FIG. 7C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the first embodiment.

[0042] FIG. 8A is a sectional view of a non-volatile
semiconductor memory in an impurity diffusion layer form-
ing step in a non-volatile semiconductor memory manufac-
turing method according to a second embodiment of the
present invention.

[0043] FIG. 8B is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the second embodiment.

[0044] FIG. 8C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the second embodiment.

[0045] FIG. 9A is a sectional view of a non-volatile
semiconductor memory in a step of forming a first insulating
film and a charge capturing film in a non-volatile semicon-
ductor memory manufacturing method according to a third
embodiment of the present invention.

[0046] FIG. 9B is a sectional view of the non-volatile
semiconductor memory in an oxide film forming step in the
method according to the third embodiment.

[0047] FIG. 9C is a sectional view of the non-volatile
semiconductor memory in a first oxide film removing step in
the method according to the third embodiment.

[0048] FIG. 9D is a sectional view of the non-volatile
semiconductor memory in a charge capturing film removing
step in the method according to the third embodiment.

[0049] FIG. 10A is a sectional view of the non-volatile
semiconductor memory in a second oxide film removing
step in the method according to the third embodiment.

[0050] FIG. 10B is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the third embodiment.

[0051] FIG. 10C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the third embodiment.

[0052] FIG. 11A is a sectional view of a non-volatile
semiconductor memory in a gate insulating film removing
step in a non-volatile semiconductor memory manufacturing
method according to a fourth embodiment of the present
invention.

[0053] FIG. 11B is a sectional view of the non-volatile
semiconductor memory in a step of forming an upper
surface insulating film and bottom surface insulating films in
the method according to the fourth embodiment.
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[0054] FIG. 11C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the fourth embodiment.

[0055] FIG. 12A is a sectional view of a non-volatile
semiconductor memory in a gate insulating film removing
step in a non-volatile semiconductor memory manufacturing
method according to a fifth embodiment of the present
invention.

[0056] FIG. 12B is a sectional view of the non-volatile
semiconductor memory in a step of forming an upper
surface insulating film and bottom surface insulating films in
the method according to the fifth embodiment.

[0057] FIG. 12C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the fifth embodiment.

[0058] FIG. 13 illustrates an example of a non-volatile
semiconductor memory according to a sixth embodiment of
the present invention.

[0059] FIG. 14A illustrates a write operation of the non-
volatile semiconductor memory according to the sixth
embodiment.

[0060] FIG. 14B illustrates a read operation of the non-
volatile semiconductor memory according to the sixth
embodiment.

[0061] FIG. 14C illustrates an erase operation of the
non-volatile semiconductor memory according to the sixth
embodiment.

[0062] FIG. 15A is a sectional view of the non-volatile
semiconductor memory in an impurity diffusion layer form-
ing step of a non-volatile semiconductor memory manufac-
turing method according to the sixth embodiment.

[0063] FIG. 15B is a sectional view of the non-volatile
semiconductor memory in a convexity forming step in the
method according to the sixth embodiment.

[0064] FIG. 15C is a sectional view of the non-volatile
semiconductor memory in an ion implanting step in the
method according to the sixth embodiment.

[0065] FIG. 16A is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the sixth embodiment.

[0066] FIG. 16B is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the sixth embodiment.

[0067] FIG. 17A is a sectional view of a non-volatile
semiconductor memory in a step of forming impurity dif-
fusion layers and upper surface insulating films in a non-
volatile semiconductor memory manufacturing method
according to a seventh embodiment of the present invention.

[0068] FIG. 17B is a sectional view of the non-volatile
semiconductor memory in a convexity forming step in the
method according to the seventh embodiment.

[0069] FIG. 17C is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the seventh embodiment.

[0070] FIG. 17D is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the seventh embodiment.
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[0071] FIG. 18A is a sectional view of a non-volatile
semiconductor memory in a step of forming a first insulating
film and a charge capturing film in a non-volatile semicon-
ductor memory manufacturing method according to an
eighth embodiment of the present invention.

[0072] FIG. 18B is a sectional view of the non-volatile
semiconductor memory in an oxide film forming step in the
method according to the eighth embodiment.

[0073] FIG. 18C is a sectional view of the non-volatile
semiconductor memory in a first oxide film removing step in
the method according to the eighth embodiment.

[0074] FIG. 18D is a sectional view of the non-volatile
semiconductor memory in a charge capturing film removing
step in the method according to the eighth embodiment.

[0075] FIG. 19A is a sectional view of the non-volatile
semiconductor memory in a second oxide film removing
step in the method according to the eighth embodiment.

[0076] FIG. 19B is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the eighth embodiment.

[0077] FIG. 19C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the eighth embodiment.

[0078] FIG. 20A is a sectional view of a non-volatile
semiconductor memory in a gate insulating film removing
step in a non-volatile semiconductor memory manufacturing
method according to a ninth embodiment of the present
invention.

[0079] FIG. 20B is a sectional view of the non-volatile
semiconductor memory in a step of forming upper surface
insulating films and a bottom surface insulating film in the
method according to the ninth embodiment.

[0080] FIG. 20C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the ninth embodiment.

[0081] FIG. 21A is a sectional view of a non-volatile
semiconductor memory in a gate insulating film removing
step in a non-volatile semiconductor memory manufacturing
method according to a tenth embodiment of the present
invention.

[0082] FIG. 21B is a sectional view of the non-volatile
semiconductor memory in a step of forming upper surface
insulating films and a bottom surface insulating film in the
method according to the tenth embodiment.

[0083] FIG. 21C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the tenth embodiment.

[0084] FIG. 22A is a sectional view of a non-volatile
semiconductor memory in a groove forming step in a
non-volatile semiconductor memory manufacturing method
according to an eleventh embodiment of the present inven-
tion.

[0085] FIG. 22B is a sectional view of the non-volatile
semiconductor memory in a gate insulating film forming
step in the method according to the eleventh embodiment.
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[0086] FIG. 22C is a sectional view of the non-volatile
semiconductor memory in a polycide layer forming step in
the method according to the eleventh embodiment.

[0087] FIG. 23A illustrates an example of a conventional
semiconductor memory that is in a write operation.

[0088] FIG. 23B illustrates the conventional semiconduc-
tor memory in a read operation.

[0089] FIG. 24A illustrates an example of a conventional
small-sized non-volatile semiconductor memory in which an
inversion layer has partially disappeared.

[0090] FIG. 24B illustrates an example of the conven-
tional small-sized non-volatile semiconductor memory in
which a deviation has been caused at the locations of the bit
regions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0091] The following is a detailed description of embodi-
ments of the present invention, with reference to the accom-
panying drawings.

[0092] First, a first embodiment of the present invention
will be described.

[0093] FIG. 1 is a plan view of a non-volatile semicon-
ductor memory in accordance with the first embodiment of
the present invention. FIG. 2 is a sectional view of the
non-volatile semiconductor memory, taken along the line
A-A of FIG. 1. FIG. 3 is a sectional view of the non-volatile
semiconductor memory, taken along the line B-B of FIG. 1.

[0094] As shown in FIG. 1, a non-volatile semiconductor
memory 10 has gate electrodes 11 and impurity diffusion
layers 12a and 124. The impurity diffusion layers 12a and
125 function as the source and drain, and cross the gate
electrodes 11 at right angles.

[0095] As shown in FIG. 2, the non-volatile semiconduc-
tor memory 10 includes a p-type silicon semiconductor
substrate 15 that has a convexity 14 interposed between two
grooves 134 and 135. The impurity diffusion layers 124 and
1256 are formed on the bottom surfaces of the grooves 13a
and 135, respectively. A gate insulating film 16 is formed on
the p-type silicon semiconductor substrate 15. This gate
insulating film 16 has a three-layer structure in which a first
insulating film 16a made of a silicon oxide film, a charge
capturing film 165 made of a silicon nitride film, and a
second insulating film 16¢ made of a silicon oxide film, are
laminated in this order. The gate electrodes 11 are formed on
the gate insulating film 16. In this non-volatile semiconduc-
tor memory 10, the convexity 14 of the p-type silicon
semiconductor substrate 15 serves as the channel region.

[0096] In the non-volatile semiconductor memory 10
shown in the sectional view of FIG. 2 taken along the line
A-A of FIG. 1, the gate electrodes 11 are formed on the gate
insulating film 16 made up of memory cells that are arranged
continually in the transverse direction of FIG. 1. In the
sectional view of FIG. 3 taken along the line B-B of FIG.
1, the gate electrodes 11 made up of memory cells arranged
in the longitudinal direction of FIG. 1 are electrically
independent of each other.

[0097] In this non-volatile semiconductor memory 10, the
charge capturing regions (the bit regions) at the time of
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writing information are formed at the side wall parts (includ-
ing the side walls and their vicinities) of the convexity 14 in
the charge capturing film 165 through a predetermined
voltage application. The non-volatile semiconductor
memory 10 has two bit regions: a left bit region 17a on the
side of the impurity diffusion layer 124 and a right bit region
1756 on the side of the impurity diffusion layer 125, as shown
in FIG. 2. In the non-volatile semiconductor memory 10,
read and write of 2-bit information are performed. More
specifically, 1-bit information read and write are performed
in each of the left bit region 17« and the right bit region 175.

[0098] FIG. 4 illustrates an example of the circuit struc-
ture of the non-volatile semiconductor memory.

[0099] The circuit of the non-volatile semiconductor
memory includes a memory cell array, a row decoder, a
column decoder, a sense amplifier, a reference current gen-
erator circuit (not shown), an input-output circuit (not
shown), and a control circuit (not shown).

[0100] The memory cell array consists of a plurality of
memory cells M00, M01, . . . Mnn. Each of the memory cells
M00, M01, . . . Mnn has two bit regions: a left bit region and
a right bit region.

[0101] The gate electrode and the source and drain of each
of the memory cells M00, M01, . . . are connected to word
lines WLO, WL1, . . ., and bit lines BLO, BL1, . . .,
respectively. For instance, the gate electrode of the memory
cell M00 is connected to the work line WL01, and the source
and drain of the memory cell M00 are connected to the bit
lines BL.0 and BL1.

[0102] The information read and write operations to be
performed in the non-volatile semiconductor memory 10
shown in FIGS. 1 through 3 are carried out by applying a
predetermined voltage to the gate electrodes 11 and the
impurity diffusion layers 12a and 125, which function as the
source and drain, through the word lines and the bit lines.

[0103] FIGS. 5A through 5C illustrate an operation of the
non-volatile semiconductor memory in accordance with the
first embodiment of the present invention. FIG. 5A illus-
trates a write operation, FIG. 5B illustrates a read operation,
and FIG. 5C illustrates an erase operation. In FIGS. 5A and
5B, electrons are captured in the right bit region 175.

[0104] First, a case of writing information in the right bit
region 175 will be described. In this case, the voltage to be
applied to the impurity diffusion layer 12a as the source is
set at 0 V, and the voltage to be applied to the impurity
diffusion layer 125 as the drain is set at approximately 5V,
so that a potential difference is caused between the source
and drain. A high voltage of approximately 10 V is then
applied to the gate electrodes 11. By doing so, an inversion
layer 18a is formed between the impurity diffusion layers
12a and 12b, as shown in FIG. 5A. The channel hot
electrons generated in the vicinity of the impurity diffusion
layer 124 are then captured in the right bit region 175,
skipping the first insulating film 16a.

[0105] In a case of reading information from the right bit
region 175, the voltages reversed from the voltages in the
case of writing are applied to the source and drain. More
specifically, a voltage of 2 V is applied to the impurity
diffusion layer 124 as the drain, and a voltage of 0 V is
applied to the impurity diffusion layer 125 as the source, for
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example. By doing so, an inversion layer 1856 is formed
between the impurity diffusion layers 12¢ and 125.

[0106] If electrons are captured in the right bit region 175
at this point, the inversion layer 185 is not formed in the
vicinity of the right bit region 176 due to the negative
electric field generated by the captured electrons, as shown
in FIG. 5B. As a result, the current does not flow between
the source and drain. On the other hand, if electrons are not
captured in the right bit region 175, the inversion layer 185
is formed also in the vicinity of the right bit region 175, and
the current flows between the source and drain, although
such a case is not shown in the drawings. In this manner, the
non-volatile semiconductor memory 10 can store 1-bit infor-
mation, depending on whether electrons are captured in the
charge capturing regions.

[0107] Information read and write can be performed on the
left bit region 174 in the same manner as in the case of the
right bit region 175. In doing so, the voltages reversed from
the voltages applied in the information read and write
operations performed on the right bit region 176 are applied.

[0108] In a case of erasing information that has been
written in the charge capturing regions, a negative high
voltage of approximately —10 V is applied to the gate
electrodes 11, and a positive high voltage of approximately
10V is applied to the p-type silicon semiconductor substrate
15. By doing so, the electrons captured in the right bit region
17b are removed from the right bit region 175 and intro-
duced into the p-type silicon semiconductor substrate 15 by
FN tunneling, as shown in FIG. 5C. Here, the voltages
applied to the source and drain are open voltages or O V. In
a case of erasing information from the left bit region 174, the
same process as the above should be carried out.

[0109] In another method of erasing information, a nega-
tive high voltage of approximately —10 V is applied to the
gate electrodes 11, and a positive voltage of approximately
5V is applied to the impurity diffusion layer 124. In this
method, a depletion layer is formed in the vicinity of the
impurity diffusion layer 126 as a result of the voltage
application, and the hot holes generated here are introduced
into the right bit region 175 to neutralize the charge captur-
ing regions. Here, the voltage applied to the impurity
diffusion layer 124 is an open voltage or 0 V.

[0110] When information written in the left bit region 17a
is to be erased in the same manner as the above, a negative
high voltage of approximately —10 V is applied to the gate
electrodes 11, and a positive voltage of approximately 5 V
is applied to the impurity diffusion layer 12a. The generated
hot holes are then introduced into the left bit region 174 to
neutralize the charge capturing regions.

[0111] When information written in the left bit region 17a
and information written in the right bit region 175 are to be
erased at the same time, a negative high voltage should be
applied to the gate electrode 11, and a positive voltage
should be applied to both of the impurity diffusion layers
12a and 125.

[0112] As described above, a convex channel region is
formed on the p-type silicon semiconductor substrate 15 in
the non-volatile semiconductor memory 10 having the gate
electrode 11 via the gate insulating film 16. The charge
capturing regions are then formed within the gate insulating
film 16 in the side walls of the convexity 14 of the p-type
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silicon semiconductor substrate 15. Accordingly, an effec-
tive channel length can be maintained, even though the
device size has become smaller. Thus, a reduction in device
size can be readily achieved, and non-volatile semiconduc-
tor memories with high reliability can be obtained.

[0113] Next, a method of manufacturing the non-volatile
semiconductor memory 10 having the above structure will
be described.

[0114] FIGS. 6A through 7C illustrate the method of
manufacturing the non-volatile semiconductor memory in
accordance with the first embodiment of the present inven-
tion. More specifically, FIG. 6A is a sectional view of the
non-volatile semiconductor memory in a first ion implanting
step. FIG. 6B is a sectional view of the non-volatile semi-
conductor memory in a convexity forming step. FIG. 6C is
a sectional view of the non-volatile semiconductor memory
in a second ion implanting step. FIG. 7A is a sectional view
of the non-volatile semiconductor memory in an impurity
diffusion layer forming step. FIG. 7B is a sectional view of
the non-volatile semiconductor memory in a gate insulating
film forming step. FIG. 7C is a sectional view of the
non-volatile semiconductor memory in a polycide layer
forming step.

[0115] First, a predetermined well is formed on the p-type
silicon semiconductor substrate 15, and device separation is
carried out in the peripheral circuit region (not shown).

[0116] Next, boron (B) ions that are p-type impurities are
implanted onto the entire surface of the p-type silicon
semiconductor substrate 15 by a known ion implantation
technique, as shown in FIG. 6A. This ion implantation is
carried out with an acceleration energy of 30 KeV to 90 KeV,
and the dose of ions is approximately 5x10'" ions/cm® to
5x10" ions/cm?.

[0117] Next, a photoresist 19 is formed on the p-type
silicon semiconductor substrate 15 by a known photolithog-
raphy technique, as shown in FIG. 6B. The p-type silicon
semiconductor substrate 15 is then selectively removed by
an etching technique, with the photoresist 19 being the
mask, so as to form the grooves 13a and 135. As a result, the
convexity 14 appears in the p-type silicon semiconductor
substrate 15.

[0118] The grooves 13a and 13b each has a width of
approximately 0.3 um and a depth of approximately 0.15
um. However, this width and depth are merely an example,
and may be arbitrarily changed with the applied voltage
range and the required data holding ability of the non-
volatile semiconductor memory to be formed.

[0119] With the photoresist 19 being the mask, boron ions
are implanted onto the p-type silicon semiconductor sub-
strate 15 in an inclined state by a known ion implantation
technique, as shown in FIG. 6C. This ion implantation is
carried out with an acceleration energy of approximately 30
keV to 90 keV, and the dose of boron ions is approximately
5x10" ions/cm® to 5x10'? ions/cm?.

[0120] With the photoresist 19 being the mask, arsenic
(As) ions that are n-type impurities are implanted with an
acceleration energy of approximately 50 keV, as shown in
FIG. 7A. Here, the dose of arsenic ions is approximately
1x10 " ions/cm® to 5x10'° ions/cm?. In this manner, the
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impurity diffusion layers 12¢ and 125 that function as the
source and drain and the bit lines for the memory cells are
formed.

[0121] The photoresist 19 is then removed, and a silicon
oxide film of approximately 10 nm in thickness is formed on
the exposed p-type silicon semiconductor substrate 15 by a
known thermal oxidation technique, as shown in FIG. 7B.
In this manner, the first insulating film 164 is formed.

[0122] On the first insulating film 16a, a silicon nitride
film of approximately 10 nm in thickness is formed by a
known CVD (Chemical Vapor Deposition) technique, so as
to form the charge capturing film 165.

[0123] After that, the upper part of the charge capturing
film 165 is subjected to a thermal treatment by a known
thermal oxidation technique, in an atmosphere of oxygen at
900 to 950° C. for 30 to 60 minutes. As a result, the upper
10 nm of the charge capturing film 165 is oxidized and forms
the second insulating film 16¢.

[0124] In this manner, the gate insulating film 16 having a
three-layer structure that consists of the first insulating film
164, the charge capturing film 165, and the second insulating
film 16¢, is formed.

[0125] The polycide layer 11a is next formed on the entire
surface by a known CVD technique, as shown in FIG. 7C.
The formation of this polycide layer 11a is carried out by
forming a polycrystalline silicon film of approximately 300
nm in thickness that contains approximately 2x10*° atoms/
cm’ to 6x10° atoms/cm> of phosphorous (P), and a tungsten
silicide film of approximately 200 nm in thickness.

[0126] The polycide layer 1la is then processed by a
known photolithography technique and etching technique,
so as to form the gate electrodes 11 shown in FIGS. 1
through 3. After that, an impurity activating thermal treat-
ment is carried out by a known thermal diffusion technique,
so as perform diffusion and activation on the impurity
diffusion layers 12a and 1264.

[0127] At last, contact holes (not shown) are opened, and
metal wirings are arranged.

[0128] In the above explanation, the ion implantations of
boron ions shown in FIGS. 6A and 6C are carried out to
adjust the impurity concentration in the convexity 14 that
serves as the channel region. Therefore, these steps may be
carried out when necessary, and the order of the steps is not
limited to the above. For instance, the ion implanting step
shown in FIG. 6 A maybe carried out after the formation of
the gate insulating film 16 shown in FIG. 7B.

[0129] In the following, second to fifth embodiments of
the present invention will be described as modifications of
the first embodiment, with reference to the accompanying
drawings.

[0130] First, the second embodiment will be described.

[0131] FIGS. 8A through 8C illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the second embodiment. FIG. 8A is a
sectional view of the non-volatile semiconductor memory in
an impurity diffusion layer forming step. FIG. 8B is a
sectional view of the non-volatile semiconductor memory in
a gate insulating film forming step. FIG. 8C is a sectional
view of the non-volatile semiconductor memory in a poly-
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cide layer forming step. In FIGS. 8A through 8C, the same
components as those shown in FIGS. 6A through 7C are
denoted by the same reference numerals as those in FIGS.
6A through 7C.

[0132] A predetermined well is first formed on the p-type
silicon semiconductor substrate 15, and device separation is
carried out in the peripheral circuit region, through this step
is not shown in the drawings.

[0133] A silicon oxide film of approximately 15 nm in
thickness is then formed on the p-type silicon semiconductor
substrate 15 by a known thermal oxidation technique, so that
an upper surface insulating film 21 is formed as a third
insulating film, as shown in FIG. 8A.

[0134] After the formation of the upper surface insulating
film 21, the same procedures substantially the same as the
first embodiment are carried out. More specifically, the
photoresist 19 is formed on the p-type silicon semiconductor
substrate 15 by a known photolithography technique. With
the photoresist 19 being the mask, the upper surface insu-
lating film 21 and the p-type silicon semiconductor substrate
15 are partially removed by an etching technique, so as to
form the grooves 13a and 135 as well as the convexity 14.

[0135] With the photoresist 19 being the mask, arsenic
ions are then implanted with an acceleration energy of
approximately 50 keV. Here, the dose of arsenic ions is
approximately 1x10" ions/cm® to 5x10'° ions/cm?®. As a
result, the impurity diffusion layers 12a¢ and 125 are formed.

[0136] The photoresist 19 is then removed, and a silicon
oxide film of approximately 10 nm in thickness is formed on
the exposed p-type silicon semiconductor substrate 15 by a
known thermal oxidation technique, so as to form the first
insulating film 16a, as shown in FIG. 8B.

[0137] A silicon nitride film of approximately 10 nm in
thickness is then formed on the first insulating film 16a by
a known CVD technique, so as to form the charge capturing
film 164.

[0138] After that, the upper part of the charge capturing
film 1654 is subjected to a thermal treatment by a known
thermal oxidation technique, in an atmosphere of oxygen at
900 to 950° C. for 30 to 60 minutes. As a result, the upper
10 nm of the charge capturing film 165 is oxidized and forms
the second insulating film 16¢.

[0139] In this manner, the surface part on the convexity 14
forms a three-layer structure in which the upper surface
insulating film 21, the charge capturing film 165, and the
second insulating film 16¢, are laminated in this order. The
parts other than the surface part on the convexity 14 (i.e., the
part by the side walls of the convexity 14 and the surface
parts on the impurity diffusion layers 124 and 125) has the
same three-layer structure as the first embodiment, in which
the first insulating film 16a, the charge capturing film 164,
and the second insulating film 16c¢, are laminated in this
order.

[0140] The later steps are carried out in the same manner
as in the first embodiment. More specifically, the formation
of the polycide layer 1la is carried out by forming a
polycrystalline silicon film and a tungsten silicide film on
the entire surface by a CVD technique. After processing the
polycide layer 11a, the impurity diffusion layers 12a and 126
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are activated. At last, contact holes (not shown) are opened,
and metal wirings are arranged.

[0141] In the non-volatile semiconductor memory formed
in the above manner, the film thickness of the upper surface
insulating film 21 on the upper surface of the convexity 14
is greater than the film thickness of the first insulating film
16a by the side walls of the-convexity 14. Accordingly, in
the channel region of the convexity 14, electrons can be kept
from skipping the upper surface insulating film 21 and being
captured in the charge capturing film 165. Instead, electrons
are selectively captured in the charge capturing film 165 by
the side walls of the convexity 14. In this manner, the
position control for the charge capturing regions formed in
the charge capturing film 165 can be accurately performed,
so that the charge capturing regions can be accurately
positioned by the side walls of the convexity. Thus, a
non-volatile semiconductor memory that performs stable
and highly reliable operations can be obtained.

[0142] Next, the third embodiment of the present inven-
tion will be described. In the third embodiment, the same
steps as the steps in the first embodiment shown in FIGS. 6 A
through 6C and FIG. 7A are carried out. The steps to be
carried out after the step shown in FIG. 7A will be described
below.

[0143] FIGS. 9A through 10C are sectional views of a
non-volatile semiconductor memory in accordance with the
third embodiment, illustrating a method of manufacturing
the non-volatile semiconductor memory. More specifically,
FIG. 9A illustrates a step of forming a first insulating film
and a charge capturing film. FIG. 9B illustrates an oxide
film forming step. FIG. 9C illustrates a first oxide film
removing step. FIG. 9D illustrates a charge capturing film
removing step. FIG. 10A illustrates a second oxide film
removing step. FIG. 10B illustrates a gate insulating film
forming step. FIG. 10C illustrates a polycide layer forming
step. In FIGS. 9A through 10C, the same components as
those shown in FIGS. 6A through 7C are denoted by the
same reference numerals as those in FIGS. 6A through 7C.

[0144] After the photoresist 19 shown in FIG. 7A is
removed, a silicon oxide film of approximately 10 nm is
formed on the exposed p-type silicon semiconductor sub-
strate 15 by a known thermal oxidation technique, so as to
form the first insulating film 164, as shown in FIG. 9A. A
silicon nitride film of approximately 10 nm is then formed
on the first insulating film 164 by a known CVD technique,
so as to form the charge capturing film 164.

[0145] An oxide film 31 of approximately 500 nm in
thickness is next formed on the entire surface by a known
CVD technique, as shown in FIG. 9B.

[0146] The oxide film 31 is then removed by a known
CMP (Chemical Mechanical Polishing) technique, so that
the charge capturing film 165 is exposed, as shown in FIG.
9C, with the silicon nitride film of the charge capturing film
165 serving as a stopper.

[0147] The exposed parts of the charge capturing film 165
are then removed by a known etching technique using a
phosphoric acid solution, as shown in FIG. 9D.

[0148] The oxide film 31 inside the grooves 13a and 135
is next removed by a known etching technique using a
hydrogen fluoride solution, as shown in FIG. 10A.
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[0149] A silicon oxide film of approximately 20 nm in
thickness is formed on the exposed p-type silicon semicon-
ductor substrate 15 by a known thermal oxidation technique,
so that an upper surface insulating film 32 is formed as a
fourth insulating film on the upper surface of the convexity
14, as shown in FIG. 10B. At the same time, the upper part
of the remaining charge capturing film 165 is partially
oxidized to form the second insulating film 16¢ made of the
silicon oxide film of approximately 2 nm to 5 nm in
thickness. Accordingly, with the upper surface insulating
film 32 being formed on the upper surface of the convexity
14, the parts other than the upper surface area of the
convexity 14 have a three-layer structure consisting of the
first insulating film 164, the charge capturing film 165, and
the second insulating film 16¢.

[0150] The later steps in the method according to the third
embodiment are carried out in the same manner as in the
method according to the first embodiment. More specifi-
cally, after the polycide layer 11a is formed and processed,
the impurity diffusion layers 12a and 124 are activated, as
shown in FIG. 10C. Finally, contact holes (not shown) are
opened, and metal wirings are arranged.

[0151] In the non-volatile semiconductor memory formed
in the above manner, the charge capturing film 165 does not
exist on the upper surface of the convexity 14. Accordingly,
electrons in the channel region are selectively captured in
the charge capturing film 165 near the side walls of the
convexity 14. In this manner, the position control for the
charge capturing regions can be accurately performed by the
above method. Thus, a non-volatile semiconductor memory
that performs stable and highly reliable operations can be
obtained.

[0152] Also, the upper surface insulating film 32 can be
formed in a desired thickness so as to set a desired threshold
value.

[0153] Next, the fourth embodiment of the present inven-
tion will be described. In the fourth embodiment, the same
steps as those in the method according to the first embodi-
ment shown in FIGS. 6A through 7B are carried out. The
steps to be carried out after the step shown in FIG. 7B will
be described below.

[0154] FIGS. 11A through 11C illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the fourth embodiment. More specifically,
FIG. 11A is a sectional view of the non-volatile semicon-
ductor memory in a gate insulating film removing step. FIG.
11B is a sectional view of the non-volatile semiconductor
memory in a step of forming an upper surface insulating film
and bottom surface insulating films. FIG. 11C is a sectional
view of the non-volatile semiconductor memory in a poly-
cide layer forming step. In FIGS. 11A through 11C, the
same components as those shown in FIGS. 6 A through 7C
are denoted by the same reference numerals as those in
FIGS. 6A through 7C.

[0155] The gate insulating film 16 shown in FIG. 7B is
etched by a known etching technique, so that the entire
surface of the p-type silicon semiconductor substrate 15 is
exposed, as shown in FIG. 11A. As a result, only the parts
by the side walls of the convexity 14 have a three-layer
structure consisting of the first insulating film 16a, the
charge capturing film 165, and the second insulating film
16c.
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[0156] A silicon oxide film of approximately 20 nm in
thickness is next formed on the exposed p-type silicon
semiconductor substrate 15 by a known thermal oxidation
technique, as shown in FIG. 11B. As a result, an upper
surface insulating film 41 is formed on the upper surface of
the convexity 14, and bottom surface insulating films 42a
and 426 are formed on the bottom surfaces of the grooves
13a and 135b. The upper surface insulating film 41 and the
bottom surface insulating films 424 and 425 each serve as a
fourth insulating film.

[0157] The later steps are the same as those in the method
according to the first embodiment. More specifically, the
polycide layer 11a is formed and processed, and the impurity
diffusion layers 12a and 125 are activated, as shown in FIG.
11C. Finally, contact holes (not shown) are opened, and
metal wirings are arranged.

[0158] In the non-volatile semiconductor memory formed
in the above manner, the charge capturing film 165 exists by
the side walls of the convexity 14. At the same time, the
bottom surface insulating films 42a and 425 having a
smaller capacity than a three-layer structure are formed on
the upper surfaces of the impurity diffusion layers 12a and
12b. Accordingly, the parasitic capacity between the gate
electrodes 11 formed by the polycide layer 11a shown in
FIGS. 1 through 3 and the impurity diffusion layers 12a and
125 that serve as the source and drain is reduced. Thus, a
non-volatile semiconductor memory that performs high-
speed and yet stable operations can be obtained.

[0159] Also, since the charge capturing film 165 does not
exist on the upper surface of the convexity 14, electrons are
selectively captured in the charge capturing film 165 near the
side walls of the convexity 14, and accurate position control
for the charge capturing regions can be performed.

[0160] Next, the fifth embodiment of the present invention
will be described. In the fifth embodiment, the formation of
a non-volatile semiconductor memory is carried out in the
same manner as the method according to the second embodi-
ment, until the step shown in FIG. 8B. The steps to be
carried out after the step shown in FIG. 8B will be described
below.

[0161] FIGS. 12A through 12C illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the fifth embodiment. More specifically,
FIG. 12A is a sectional view of the non-volatile semicon-
ductor memory in a gate insulating film removing step. FIG.
12B is a sectional view of the non-volatile semiconductor
memory in a step of forming an upper surface insulating film
and bottom surface insulating films. FIG. 12C is a sectional
view of the non-volatile semiconductor memory in a poly-
cide layer forming step. In FIGS. 12A through 12C, the
same components as those shown in FIGS. 8A through 8C
are denoted by the same reference numerals as those in
FIGS. 8A through 8C.

[0162] After the gate insulating film forming step shown
in FIG. 8B, etching is performed on the entire surface by a
known etching technique, until the p-type silicon semicon-
ductor substrate 15 is exposed, as shown in FIG. 12A. As a
result, only the parts by the side walls of the convexity 14
have a three-layer structure consisting of the first insulating
film 16a, the charge capturing film 165, and the second
insulating film 16c¢. Here, approximately 5 nm of the upper
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surface insulating film 21 formed as the third insulating film
remains on the upper surface of the convexity 14.

[0163] A silicon oxide film of approximately 20 nm in
thickness is next formed on the exposed p-type silicon
semiconductor substrate 15 by a known thermal oxidation
technique, as shown in FIG. 12B. At this point, the upper
surface insulating film 21 is partially oxidized as well. As a
result, an upper surface insulating film 51 is formed as a
fourth insulating film on the upper surface of the convexity
14. Also, bottom surface insulating films 52a¢ and 5254 are
formed as the fourth insulating film on the bottom surfaces
of the grooves 134 and 1364.

[0164] The later steps are carried out in the same manner
as in the second embodiment. More specifically, the poly-
cide layer 11a is formed and processed, and the impurity
diffusion layers 12a and 125 are activated, as shown in FIG.
12C. Finally, contact holes (not shown) are opened, and
metal wirings are arranged.

[0165] In the non-volatile semiconductor memory formed
in the above manner, the gate insulating film by the side
walls of the convexity 14, the upper surface insulating film
51, and the bottom surface insulating films 524 and 524, are
formed independently of one another. Accordingly, the
upper insulating film 51 can be formed in a desired thick-
ness, so as to set a desired threshold value.

[0166] Also, the bottom surface insulting films 52a and
52b having a smaller capacity than a three-structure can be
formed on the upper surface of the impurity diffusion layers
12a and 12b. Thus, the parasitic capacity between the gate
electrodes and the source and drain is reduced, and a
non-volatile semiconductor memory that performs high-
speed and yet stable operations can be obtained.

[0167] Further, as the charge capturing film 165 remains
only in the vicinities of the side walls of the convexity 14,
the position control for the charge capturing regions can be
performed more accurately.

[0168] As described above with respect to the second to
fifth embodiments, the channel region of a non-volatile
semiconductor memory is formed into a convex shape, and
charge capturing regions are formed within the gate insu-
lating film 16 in the vicinities of the side walls of the
convexity 14. In this manner, an effective channel length is
secured despite a reduction in the device size. Thus, a
non-volatile semiconductor memory that can be easily
reduced in size while maintaining a high reliability can be
obtained.

[0169] Although the channel region in a non-volatile semi-
conductor memory is formed in a convex shape in the
foregoing embodiments, it may have a concave shape. In the
following, the structure of a non-volatile semiconductor
memory having a concave channel region and a method of
manufacturing such a non-volatile semiconductor memory
will be described below as a sixth embodiment of the present
invention.

[0170] FIG. 13 illustrates an example of the non-volatile
semiconductor memory according to the sixth embodiment.

[0171] A non-volatile semiconductor memory 60 includes
a p-type silicon semiconductor substrate 65 having a con-
cavity with which a groove 63 is formed. Impurity diffusion
layers 62a and 62b are formed on two convexity 64a and
645 that form the concavity.
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[0172] A gate insulating film 66 is formed on the p-type
silicon semiconductor substrate 65. This gate insulating film
66 has a three-structure layer in which a first insulating film
66a made of a silicon oxide film, a charge capturing film 665
made of a silicon nitride film, and a second insulating film
66¢ made of a silicon oxide film, are laminated in this order.
Gate electrodes 61 are formed on the gate insulating film 66.
The concavity formed in the p-type silicon semiconductor
substrate 65 serves as the channel region of the non-volatile
semiconductor memory 60.

[0173] In this non-volatile semiconductor memory 60, the
charge capturing regions are formed at the side wall parts of
the convexities 64a and 646 in the charge capturing film 665
of the gate insulating film 66 through a predetermined
voltage application. The non-volatile semiconductor
memory 60 has two bit regions: a left bit region 67a on the
side of the convexity 64a and a right bit region 675 on the
side of the convexity 645, as shown in FIG. 13. In the
non-volatile semiconductor memory 60, read and write of
2-bit information are performed. More specifically, 1-bit
information read and write are performed in each of the left
bit region 67a and the right bit region 675.

[0174] FIGS. 14A through 14C illustrate an operation of
the non-volatile semiconductor memory in accordance with
the sixth embodiment of the present invention. More spe-
cifically, FIG. 14A illustrates a write operation, FIG. 14B
illustrates a read operation, and FIG. 14C illustrates an erase
operation. In FIGS. 14A and 14B, electrons are captured in
the right bit region 675.

[0175] First, a case of writing information in the right bit
region 675 will be described. In this case, the voltage to be
applied to the impurity diffusion layer 62a as the source is
set at 0 V, and a positive voltage is applied to the impurity
diffusion layer 625 as the drain. As a result of this, an
inversion layer 68a is formed between the impurity diffusion
layers 62a and 624, as shown in FIG. 14A. The channel hot
electrons generated in the vicinity of the impurity diffusion
layer 62b are then captured in the right bit region 675,
skipping the first insulating film 66a.

[0176] In a case of reading information from the right bit
region 67b, the voltages reversed from the voltages in the
case of writing are applied to the source and drain. By doing
s0, an inversion layer 685 is formed between the impurity
diffusion layers 62a and 626b.

[0177] 1If electrons are captured in the right bit region 675
at this point, the inversion layer 685 is not formed in the
vicinity of the right bit region 675, as shown in FIG. 14B.
As aresult, the current does not flow between the source and
drain. On the other hand, if electrons are not captured in the
right bit region 675, the inversion layer 685 is formed also
in the vicinity of the right bit region 675, and the current
flows between the source and drain, although such a case is
not shown in the drawings.

[0178] Information read and write can be performed on the
left bit region 674 in the same manner as in the case of the
right bit region 675. In doing so, the voltages reversed from
the voltages applied in the information read and write
operations performed on the right bit region 675 are applied.

[0179] In a case of erasing information that has been
written in the charge capturing regions, a negative high
voltage is applied to the gate electrodes 61, and a positive
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high voltage is applied to the p-type silicon semiconductor
substrate 65. By doing so, the electrons captured in the right
bit region 675 are removed from the right bit region 675 and
introduced into the p-type silicon semiconductor substrate
65, as shown in FIG. 14C. Here, the voltages applied to the
source and drain are open voltages or 0 V. In a case of
erasing information from the left bit region 674, the same
process as the above should be carried out.

[0180] In another method of erasing information, a nega-
tive high voltage is applied to the gate electrodes 61, and a
positive voltage is applied to the impurity diffusion layer
625. Here, the voltage to be applied to the impurity diffusion
layer 62a is an open voltage or O V. When information
written in the left bit region 674 is to be erased in the same
manner as this, a negative high voltage is applied to the gate
electrodes 61, and a positive voltage is applied to the
impurity diffusion layer 62a.

[0181] When information written in the left bit region 67a
and information written in the right bit region 675 are to be
erased at the same time, a negative high voltage should be
applied to the gate electrode 61, and a positive voltage
should be applied to both of the impurity diffusion layers
62a and 62b.

[0182] FIGS. 15A through 16B illustrate a method of
manufacturing the non-volatile semiconductor memory
according to the sixth embodiment of the present invention.
More specifically, FIG. 15A is a sectional view of the
non-volatile semiconductor memory in an impurity diffusion
layer forming step. FIG. 15B is a sectional view of the
non-volatile semiconductor memory in a convexity forming
step. FIG. 15C is a sectional view of the non-volatile
semiconductor memory in an ion implanting step. FIG. 16A
is a sectional view of the non-volatile semiconductor
memory in a gate insulating film forming step. FIG. 16B is
a sectional view of the non-volatile semiconductor memory
in a polycide layer forming step.

[0183] First, a predetermined well is formed on the p-type
silicon semiconductor substrate 65, and device separation is
carried out in the peripheral circuit region (not shown).

[0184] Next, arsenic ions are implanted onto the entire
surface of the p-type silicon semiconductor substrate 65 by
a known ion implantation technique, as shown in FIG. 15A.
This ion implantation is carried out with an acceleration
energy of approximately 50 KeV, and the dose of ions is
approximately 1x10" ions/cm® to 5x10'° ions/cm?®. As a
result, an impurity diffusion layer 62 that is to serve as the
source and drain and the bit lines for the memory cells is
formed.

[0185] Next, a photoresist 69 is formed on the p-type
silicon semiconductor substrate 65 by a known photolithog-
raphy technique, as shown in FIG. 15B. The parts of the
p-type silicon semiconductor substrate 65 is then selectively
removed by an etching technique, with the photoresist 69
being the mask, so as to form the groove 63. As a result, the
convexities 64a and 645 and the impurity diffusion layers
62a and 626 appear in the p-type silicon semiconductor
substrate 65.

[0186] The groove 63 has a width of approximately 0.3 um
and a depth of approximately 0.15 um. However, this width
and depth are merely an example, and may be arbitrarily
changed depending on what the non-volatile semiconductor
memory is to be used for.
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[0187] With the photoresist 69 being the mask, boron ions
are implanted on the p-silicon semiconductor substrate 65 in
an inclined state, as shown in FIG. 15C. The ion implan-
tation is carried out with an acceleration energy of approxi-
mately 30 keV to 90 keV, and the dose of arsenic ions is
approximately 5x10'" ions/cm® to 5x10'? ions/cm?.

[0188] The photoresist 69 is then removed, and a silicon
oxide film of approximately 10 nm in thickness is formed on
the exposed p-type silicon semiconductor substrate 65 by a
known thermal oxidation technique, as shown in FIG. 16A.
In this manner, the first insulating film 66a is formed.

[0189] On the first insulating film 66a, a silicon nitride
film of approximately 10 nm in thickness is formed by a
known CVD (Chemical Vapor Deposition) technique, so as
to form the charge capturing film 665.

[0190] After that, the upper part of the charge capturing
film 665 is subjected to a thermal treatment by a known
thermal oxidation technique, in an atmosphere of oxygen at
900 to 950° C. for 30 to 60 minutes. As a result, the upper
10 nm of the charge capturing film 665 is oxidized and forms
the second insulating film 66c. In this manner, the gate
insulating film 66 having a three-layer structure that consists
of'the first insulating film 66a, the charge capturing film 665,
and the second insulating film 66c¢, is formed.

[0191] The polycide layer 61a is next formed on the entire
surface by a known CVD technique, as shown in FIG. 16B.
The formation of this polycide layer 61a is carried out by
forming a polycrystalline silicon film of approximately 300
nm in thickness that contains approximately 2x10*° atoms/
cm’ to 6x10° atoms/cm> of phosphorous (P), and a tungsten
silicide film of approximately 200 nm in thickness.

[0192] The polycide layer 61a is then processed by a
known photolithography technique and an etching tech-
nique, so as to form the gate electrodes 61 shown in FIG. 13.
After that, an impurity activating thermal treatment is car-
ried out by a known thermal diffusion technique, so as
perform diffusion and activation on the impurity diffusion
layers 62a and 62b.

[0193] At last, contact holes (not shown) are opened, and
metal wirings are arranged.

[0194] In the above explanation, the ion implantation of
boron ions shown in FIG. 15C is carried out to adjust the
impurity concentration in the convexities 64a and 645b.
Therefore, these steps may be carried out when necessary,
and the order of the steps is not limited to the above. For
instance, the ion implanting step shown in FIG. 16 A may be
carried out before the formation of the gate insulating film
66. In such a case, boron ions are implanted onto the p-type
silicon semiconductor substrate 65 in a tilting state.

[0195] As described above, the channel region of the
non-volatile semiconductor memory 60 has a concave
shape, and the charge capturing regions are formed within
the gate insulating film 66 in the vicinities of the side walls
of the convexities 64a and 64b. Accordingly, an effective
channel length can be maintained despite a reduction in the
device size. Thus, a small-sized non-volatile semiconductor
memory having a high reliability can be obtained.

[0196] In the following, seventh to eleventh embodiments
of'the present invention will be described as modifications of
the sixth embodiment, with reference to the accompanying
drawings.
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[0197] First, the seventh embodiment will be described.

[0198] FIGS. 17A through 17D illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the seventh embodiment. FIG. 17A is a
sectional view of the non-volatile semiconductor memory in
a step of forming impurity diffusion layers and upper surface
insulating films. FIG. 17B is a sectional view of the non-
volatile semiconductor memory in a convexity forming step.
FIG. 17C is a sectional view of the non-volatile semicon-
ductor memory in a gate insulating film forming step. FIG.
17D is a sectional view of the non-volatile semiconductor
memory in a polycide layer forming step. In FIGS. 17A
through 17D, the same components as those shown in
FIGS. 15A through 16B are denoted by the same reference
numerals as those in FIGS. 15A through 16B.

[0199] A predetermined well is first formed on the p-type
silicon semiconductor substrate 65, and device separation is
carried out in the peripheral circuit region, through this step
is not shown in the drawings.

[0200] Arsenic ions are then implanted onto the entire
surface of the p-type silicon semiconductor substrate 65 by
a known ion implantation technique, so that the impurity
diffusion layer 62 is formed as shown in FIG. 17A. This ion
implantation is carried out with an acceleration energy of
approximately 50 keV, and the dose of arsenic ions is
approximately 1x10'® ions/cm? to 5x10'° ions/cm?.

[0201] After the formation of the impurity diffusion layer
62, a silicon oxide film of approximately 15 nm in thickness
is formed on the p-type silicon semiconductor substrate 65
by a known thermal oxidation technique, so that an upper
surface insulating film 71 is formed as a third insulating film.

[0202] The photoresist 69 is then formed on the p-type
silicon semiconductor substrate 65 by a known photolithog-
raphy, as shown in FIG. 17B. With photoresist 69 being the
mask, parts of the upper surface insulating film 71 and the
p-type silicon semiconductor substrate 65 are selectively
removed by an etching technique, so as to form the groove
63. As a result, the convexities 64a and 645, upper surface
insulating films 71a and 714, and the impurity diffusion
layers 62a and 62b, are formed on the p-type silicon
semiconductor substrate 65.

[0203] The photoresist 69 is then removed, and a silicon
oxide film of approximately 10 nm in thickness is formed on
the exposed p-type silicon semiconductor substrate 65 by a
known thermal oxidation technique, so as to form the first
insulating film 664, as shown in FIG. 17C.

[0204] A silicon nitride film of approximately 10 nm in
thickness is then formed on the first insulating film 66a by
a known CVD technique, so as to form the charge capturing
film 66b.

[0205] After that, the upper part of the charge capturing
film 665 is subjected to a thermal treatment by a known
thermal oxidation technique, in an atmosphere of oxygen at
900 to 950° C. for 30 to 60 minutes. As a result, the upper
10 nm of the charge capturing film 665 is oxidized and forms
the second insulating film 66¢.

[0206] In this manner, the surface part on the convexities
64a and 645 form a three-layer structure in which the upper
surface insulating films 71a and 715, the charge capturing
film 665, and the second insulating film 66¢, are laminated
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in this order. The parts other than the surface part on the
convexities 64a and 645 (i.e., the part by the side walls of
the convexities 64a and 645 and the surface parts on the
impurity diffusion layers 62a and 624) has the same three-
layer structure as the sixth embodiment, in which the first
insulating film 66a, the charge capturing film 665, and the
second insulating film 66¢, are laminated in this order.

[0207] The later steps are carried out in the same manner
as in the sixth embodiment. More specifically, after the
polycide layer 61a is formed and processed, the impurity
diffusion layers 62a and 625 are activated. At last, contact
holes (not shown) are opened, and metal wirings are
arranged.

[0208] In the non-volatile semiconductor memory formed
in the above manner, the film thickness of the upper surface
insulating films 71a and 7154 is greater than the film thick-
ness of the first insulating film 66« in the channel region. In
this manner, the parasitic capacity between the gate elec-
trodes and the source and drain can be reduced, and a
non-volatile semiconductor memory that performs high-
speed and yet stable operations can be obtained.

[0209] Next, the eighth embodiment of the present inven-
tion will be described. In the eighth embodiment, the same
steps as the steps in the sixth embodiment shown in FIGS.
15A and 15B are carried out. The steps to be carried out
after the step shown in FIG. 15B will be described below.

[0210] FIGS. 18A through 19C are sectional views of a
non-volatile semiconductor memory in accordance with the
eighth embodiment, illustrating a method of manufacturing
the non-volatile semiconductor memory. More specifically,
FIG. 18A illustrates a step of forming a first insulating film
and a charge capturing film. FIG. 18B illustrates an oxide
film forming step. FIG. 18C illustrates a first oxide film
removing step. FIG. 18D illustrates a charge capturing film
removing step. FIG. 19A illustrates a second oxide film
removing step. FIG. 19B illustrates a gate insulating film
forming step. FIG. 19C illustrates a polycide film forming
step. In FIGS. 18A through 19C, the same components as
those shown in FIGS. 15A through 16B are denoted by the
same reference numerals as those in FIGS. 15A through
16B.

[0211] After the photoresist 69 shown in FIG. 15B is
removed, a silicon oxide film of approximately 10 nm is
formed on the exposed p-type silicon semiconductor sub-
strate 65 by a known thermal oxidation technique, so as to
form the first insulating film 66a, as shown in FIG. 18A. A
silicon nitride film of approximately 10 nm is then formed
on the first insulating film 664 by a known CVD technique,
so as to form the charge capturing film 665.

[0212] An oxide film 81 of approximately 700 nm in
thickness is next formed on the entire surface by a known
CVD technique, as shown in FIG. 18B.

[0213] The oxide film 81 is then removed by a known
CMP technique, so that the charge capturing film 665 is
exposed, as shown in FIG. 18C, with the silicon nitride film
of the charge capturing film 665 serving as a stopper.

[0214] The exposed parts of the charge capturing film 665
are then removed by a known etching technique using a
phosphoric acid solution, as shown in FIG. 18D.
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[0215] The oxide film 81 inside the groove 63 is next
removed by a known etching technique using a hydrogen
fluoride solution, as shown in FIG. 19A.

[0216] A silicon oxide film of approximately 15 nm in
thickness is then formed on the exposed p-type silicon
semiconductor substrate 65 by a known thermal oxidation
technique, so that upper surface insulating films 82« and 826
are formed as a fourth insulating film on the upper surfaces
of the convexities 64a and 645, as shown in FIG. 19B. At
the same time, the upper part of the remaining charge
capturing film 665 is partially oxidized to form the second
insulating film 66¢ made of the silicon oxide film of approxi-
mately 5 nm in thickness.

[0217] Accordingly, with the upper surface insulating
films 82a and 825 being formed on the upper surfaces of the
convexities 64a and 645, the parts other than the upper
surface areas of the convexities 64a and 645 have a three-
layer structure consisting of the first insulating film 66a, the
charge capturing film 665, and the second insulating film
66¢, which is the same as the structure of the sixth embodi-
ment.

[0218] The later steps in the method according to the
eighth embodiment are carried out in the same manner as in
the method according to the sixth embodiment. More spe-
cifically, after the polycide layer 61a is formed and pro-
cessed, the impurity diffusion layers 62a and 625 are acti-
vated, as shown in FIG. 19C. Finally, contact holes (not
shown) are opened, and metal wirings are arranged.

[0219] In the non-volatile semiconductor memory formed
in the above manner, the upper surface insulating films 82«
and 825 are silicon oxide films. Accordingly, the parasitic
capacity between the gate electrodes and the source and
drain is reduced, and a non-volatile semiconductor memory
that performs high-speed and yet stable operations can be
obtained.

[0220] Next, the ninth embodiment of the present inven-
tion will be described. In the ninth embodiment, the same
steps as those in the method according to the sixth embodi-
ment shown in FIGS. 15A through 15C and FIG. 16A are
carried out. The steps to be carried out after the step shown
in FIG. 16A will be described below.

[0221] FIGS. 20A through 20C illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the ninth embodiment. More specifically,
FIG. 20A is a sectional view of the non-volatile semicon-
ductor memory in a gate insulating film removing step. FIG.
20B is a sectional view of the non-volatile semiconductor
memory in a step of forming upper surface insulating films
and a bottom surface insulating film. FIG. 20C is a sectional
view of the non-volatile semiconductor memory in a poly-
cide layer forming step. In FIGS. 20A through 20C, the
same components as those shown in FIGS. 15A through
16B are denoted by the same reference numerals as those in
FIGS. 15A through 16B.

[0222] The gate insulating film 66 shown in FIG. 16A is
etched by a known etching technique, so that the entire
surface of the p-type silicon semiconductor substrate 65 is
exposed, as shown in FIG. 20A. As a result, only the parts
by the side walls of the convexities 64a and 645 have a
three-layer structure consisting of the first insulating film
664, the charge capturing film 665, and the second insulating
film 66c¢.
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[0223] A silicon oxide film of approximately 20 nm in
thickness is next formed on the exposed p-type silicon
semiconductor substrate 65 by a known thermal oxidation
technique, as shown in FIG. 20B. As a result, upper surface
insulating films 91a and 915 are formed on the upper
surfaces of the convexities 64a and 6456 and a bottom
surface insulating film 92 is formed on the bottom surface of
the groove 63. The upper surface insulating films 91a and
914 and the bottom surface insulating film 92 each serve as
a fourth insulating film.

[0224] The later steps are the same as those in the method
according to the sixth embodiment. More specifically, the
polycide layer 61a is formed and processed, and the impu-
rity diffusion layers 62a and 6254 are activated, as shown in
FIG. 20C. Finally, contact holes (not shown) are opened,
and metal wirings are arranged.

[0225] In the non-volatile semiconductor memory formed
in the above manner, the charge capturing film 665 exists
only by the side walls of the convexities 64a and 645. Thus,
accurate position control for the charge capturing regions
can be performed.

[0226] Also, as the bottom insulating film 92 is formed of
a silicon oxide film, the parasitic capacity between the gate
electrodes and the source and drain can be reduced. Thus, a
non-volatile semiconductor memory that performs high-
speed and yet stable operations can be obtained.

[0227] Next, the tenth embodiment of the present inven-
tion will be described. In the tenth embodiment, the forma-
tion of a non-volatile semiconductor memory is carried out
in the same manner as the method according to the seventh
embodiment, until the step shown in FIG. 17C. The steps to
be carried out after the step shown in FIG. 17C will be
described below.

[0228] FIGS. 21A through 21C illustrate a method of
manufacturing a non-volatile semiconductor memory in
accordance with the tenth embodiment. More specifically,
FIG. 21A is a sectional view of the non-volatile semicon-
ductor memory in a gate insulating film removing step. FIG.
21B is a sectional view of the non-volatile semiconductor
memory in a step of forming upper surface insulating films
and a bottom surface insulating film. FIG. 21C is a sectional
view of the non-volatile semiconductor memory in a poly-
cide layer forming step. In FIGS. 21A through 21C, the
same components as those shown in FIGS. 17A through
17C are denoted by the same reference numerals as those in
FIGS. 17A through 17C.

[0229] After the gate insulating film forming step shown
in FIG. 17C, etching is performed on the entire surface by
a known etching technique, until the p-type silicon semi-
conductor substrate 65 is exposed, as shown in FIG. 21A.
As a result, only the parts by the side walls of the convexities
64a and 645 have a three-layer structure consisting of the
first insulating film 664, the charge capturing film 665, and
the second insulating film 66¢. Here, approximately 5-nm
thick parts of the upper surface insulating films 71a and 715
formed as the third insulating film remain on the upper
surfaces of the convexities 64a and 645.

[0230] A silicon oxide film of approximately 20 nm in
thickness is next formed on the exposed p-type silicon
semiconductor substrate 65 by a known thermal oxidation
technique, as shown in FIG. 21B. At this point, the upper
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surface insulating films 71a and 715 are partially oxidized as
well. As a result, upper surface insulating films 101a and
1015 are newly formed as a fourth insulating film on the
upper surfaces of the convexities 64a and 645. Also, a
bottom surface insulating film 102 is formed as the fourth
insulating film on the bottom surface of the groove 63.

[0231] The later steps are carried out in the same manner
as in the seventh embodiment. More specifically, the poly-
cide layer 61a is formed and processed, and the impurity
diffusion layers 62a and 625 are activated, as shown in FIG.
21C. Finally, contact holes (not shown) are opened, and
metal wirings are arranged.

[0232] In the non-volatile semiconductor memory formed
in the above manner, the gate insulating film by the side
walls of the convexities 64a and 645, the upper surface
insulating films 101¢ and 10156, and the bottom surface
insulating film 102, are formed independently of one
another. Accordingly, the upper insulating films 101a and
1015 can be formed in a desired thickness, so as to set a
desired threshold value.

[0233] Also, the bottom surface insulting films 102 made
of a silicon oxide film having a smaller capacity than a
three-structure can be formed on the upper surfaces of the
impurity diffusion layers 62a and 62b. Thus, the parasitic
capacity between the gate electrodes and the source and
drain can be reduced, and a non-volatile semiconductor
memory that performs high-speed and yet stable operations
can be obtained.

[0234] Further, as the charge capturing film 665 remains
only in the vicinities of the side walls of the convexities 64a
and 645, the position control for the charge capturing
regions can be performed more accurately.

[0235] Next, the eleventh embodiment of the present
invention will be described. In the eleventh embodiment, the
same step as the step shown in FIG. 15A is carried out. The
steps to be carried out after the step shown in FIG. 15A will
be described below.

[0236] FIGS. 22A through 22C illustrate a method of
manufacturing a non-volatile semiconductor memory
according to the eleventh embodiment. More specifically,
FIG. 22A is a sectional view of the non-volatile semicon-
ductor memory in a groove forming step. FIG. 22B is a
sectional view of the non-volatile semiconductor memory in
a gate insulating film forming step. FIG. 22C is a sectional
view of the non-volatile semiconductor memory in a poly-
cide layer forming step. In FIGS. 22A through 22C, the
same components as those shown in FIGS. 15A through
15C are denoted by the same reference numerals as those
shown in FIGS. 15A through 15C.

[0237] After the formation of the impurity diffusion layer
62 shown in FIG. 15A, a groove 113 is formed in the p-type
silicon semiconductor substrate 65 by a known photolithog-
raphy technique and a known etching technique, as shown in
FIG. 22A. The groove 113 has a trapezoidal shape in
section, with its width narrowing toward the inside.

[0238] The formation of this groove 113 is carried out by
an anisotropic etching technique, after the photoresist is
processed into a trapezoidal shape by a photolithography
technique.
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[0239] The later steps are carried out in the same manner
as in the sixth embodiment. More specifically, the gate
insulating film 66 having a three-layer structure consisting
of'the first insulating film 66a, the charge capturing film 665,
and the second insulating film 66¢, is formed as shown in
FIG. 22B. The polycide layer 61a is then created by forming
a polycrystalline silicon film and a tungsten silicide film on
the entire surface by a CVD technique, as shown in FIG.
22C.

[0240] After the polycide layer 61a is processed, an acti-
vating thermal treatment is performed so as to form the
impurity diffusion layers 62a and 62b. Finally, contact holes
(not shown) are opened, and metal wirings are arranged.

[0241] In the non-volatile semiconductor memory formed
in the above manner, the tilt of the side walls of the groove
113 can be arbitrarily set. Accordingly, the processing mar-
gin of the gate electrodes formed from the polycide layer
61q is widened. Thus, a non-volatile semiconductor memory
with a high yield and high reliability can be obtained.

[0242] 1In a case where the side walls of a groove stand
vertically, an etching residue might remain on the side walls
of the groove after the etching of the polycide layer. Such a
problem can be solved by this embodiment in which the side
walls of the groove 113 are tilted.

[0243] As described above with respect to the seventh to
eleventh embodiments, the channel region of a non-volatile
semiconductor memory is formed into a concave shape, and
the charge capturing regions are formed within the gate
insulating film 66 in the vicinities of the side walls of the
convexities 64a and 64b. In this manner, an effective chan-
nel length is secured. Thus, a non-volatile semiconductor
memory that can be easily reduced in size while maintaining
a high reliability can be obtained.

[0244] Furthermore, the impurity diffusion layers 62a and
625 are formed on the two convexities 64a and 645 that form
the concavity. Accordingly, the implanted impurities can be
prevented from spreading horizontally at the time of the
activating thermal treatment. Thus, the impurity diffusion
layers 62a and 625 can be shaped with a high precision, and
the reliability of the non-volatile semiconductor memory can
be increased.

[0245] Although a silicon nitride film is formed as the
charge capturing films 16a and 664 in the above embodi-
ments, it is possible to form them with another material that
is capable of capturing electrons. Also, other than the
three-layer structure, the gate insulating films 16 and 66 may
have any other structure such as a two-layer structure
consisting of a silicon oxide film and a silicon nitride film,
or a one-layer structure only including a silicon nitride film,
as long as the structure includes at least one film that is
capable of capturing electrons.

[0246] As described so far, the present invention provides
a structure in which a gate insulating film is formed on a
semiconductor substrate having at least one convexity.
Charge capturing regions are then formed within the gate
insulating film in the vicinities of the side walls of the
convexity. Accordingly, an effective channel length is
secured despite the non-volatile semiconductor memory is
reduced in size. Thus, according to the present invention,
non-volatile semiconductor memories that can be easily
reduced in size and yet maintain a high reliability can be
obtained.
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[0247] The foregoing is considered as illustrative only of
the principles of the present invention. Further, since numer-
ous modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and applications shown and described,
and accordingly, all suitable modifications and equivalents
may be regarded as falling within the scope of the invention
in the appended claims and their equivalents.

What is claimed is:
1. A non-volatile semiconductor memory which has a
charge capturing region, comprising:

a semiconductor substrate having a convexity;
a gate electrode; and

a gate insulating film in which the charge capturing region
is formed in the vicinities of the side walls of the
convexity, the gate insulating film being formed
between the semiconductor substrate and the gate elec-
trode.

2. The non-volatile semiconductor memory according to
claim 1, wherein the gate insulating film includes a silicon
nitride film.

3. The non-volatile semiconductor memory according to
claim 1, further comprising impurity diffusion layers at the
bottoms of grooves that form the convexity of the semicon-
ductor substrate, the impurity diffusion layers serving as the
source and drain.

4. The non-volatile semiconductor memory according to
claim 1, further comprising an impurity diffusion layer at the
convexity of the semiconductor substrate, the impurity dif-
fusion layer serving as the source and drain.

5. The non-volatile semiconductor memory according to
claim 1, wherein the film thickness of the gate insulating
film on the upper surface of the convexity and/or the film
thickness of the gate insulating film on the bottom surfaces
of the grooves forming the convexity are greater than the
film thickness of the gate insulating film in the vicinities of
the side walls of the convexity.

6. The non-volatile semiconductor memory according to
claim 1, wherein a charge capturing rate of the gate insu-
lating film in the vicinities of the side walls of the convexity
is higher than a charge capturing rate of the gate insulating
film on the upper surface of the convexity and/or a charge
capturing rate of the gate insulating film on the bottom
surfaces of the grooves that form the convexity.

7. A method of manufacturing a non-volatile semicon-
ductor memory that has a charge capturing region in a gate
insulating film formed between a semiconductor substrate
and a gate electrode,

the method comprising the steps of:

forming grooves in the semiconductor substrate that
serves as a first conductive member;

forming impurity diffusion layers that serve as a second
conductive member on the bottom surfaces of the
grooves; and

forming the gate insulating film on the semiconductor
substrate having the impurity diffusion layers formed
thereon, the gate insulating film including a charge
capturing film in which the charge capturing region is
to be formed.
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8. The method according to claim 7, wherein the step of
forming grooves on the semiconductor substrate includes the
step of forming a third insulating film on the semiconductor
substrate prior to the formation of the grooves.

9. The method according to claim 7, wherein the step of
forming the gate insulating film on the semiconductor sub-
strate includes the steps of:

forming a first insulting film on the semiconductor sub-
strate having the impurity diffusion layers formed
thereon;

forming the charge capturing film on the first insulating
film;

removing the first insulating film and the charge capturing
film from the upper surface of a convexity formed by
the grooves in the semiconductor substrate; and

forming a fourth insulating film on the upper surface of
the convexity.
10. The method according to claim 7, further including the
steps of:

removing the gate insulating film from the bottom sur-
faces of the grooves and the upper surface of the
convexity formed by the grooves; and

forming a fourth insulating film on the parts of the
semiconductor substrate from which the gate insulating
film has been removed,

the steps being carried out after the step of forming the
gate insulating film on the semiconductor substrate.
11. The method according to claim 8, further comprising
the steps of:

removing the gate insulating film from the bottom sur-
faces of the grooves; and

forming a fourth insulating film on the parts of the
semiconductor substrate from which the gate insulating
film has been removed,

the steps being carried out after the step of forming the
gate insulating film on the semiconductor substrate.
12. A method of manufacturing a non-volatile semicon-
ductor memory that has a charge capturing region in a gate
insulating film formed between a semiconductor substrate
and a gate electrode,

the method comprising the steps of:

forming an impurity diffusion layer that serves as a second
conductive member on the semiconductor substrate
that serves as a first conductive member;

forming a groove in the semiconductor substrate having
the impurity diffusion layer formed thereon; and

forming the gate insulating film on the semiconductor
substrate having the groove formed therein, the gate
insulating film including a charge capturing film in
which the charge capturing region is to be formed.
13. The method according to claim 12, wherein the step
of forming the groove in the semiconductor substrate
includes the step of forming a third insulating film on the
semiconductor substrate having the impurity diffusion layer
formed thereon, the step being carried out prior to the
formation of the groove.
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14. The method according to claim 12, wherein the step
of forming the gate insulating film on the semiconductor
substrate includes the steps of:

forming a first insulating film on the semiconductor
substrate having the groove formed therein;

forming the charge capturing film on the first insulating
film;

removing the first insulating film and the charge capturing
film from the upper surfaces of convexities formed by
the groove; and

forming a fourth insulating film on the upper surfaces of
the convexities.

15. The method according to claim 12, further comprising
the steps of:

removing the gate insulating film from the bottom surface
of the groove and the upper surfaces of the convexities
formed by the groove; and
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forming a fourth insulating film on the parts of the
semiconductor substrate from which the gate insulating
film has been removed,

the steps being carried out after the step of forming the
gate insulating film on the semiconductor substrate.
16. The method according to claim 13, further comprising
the steps of:

removing the gate insulating film from the bottom surface
of the groove; and

forming a fourth insulating film on the parts of the
semiconductor substrate from which the gate insulating
film has been removed,

the steps being carried out after the step of forming the
gate insulating film on the semiconductor substrate.
17. The method according to claim 12, wherein the step
of forming the groove includes the step of making the
groove narrower toward the inside of the semiconductor
substrate.



