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A semiconductor storage device includes a plurality of
memory cell transistors, a first wiring electrically connected
to the plurality of memory cell transistors, and an erasing
circuitry. The erasing circuitry is configured to erase data
stored in the memory cell transistors by applying a first
voltage to the first wiring, and apply the first voltage such
that the first voltage rises to a first value, then falls from the
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SEMICONDUCTOR STORAGE DEVICE AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2020-103218, filed Jun. 15, 2020, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
semiconductor storage device and a control method thereof.

BACKGROUND

[0003] Ina semiconductor storage device, it is desirable to
improve reliability of an erasing operation for a memory cell
transistor.

DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram showing a configuration
of a semiconductor storage device according to a first
embodiment.

[0005] FIG. 2 is a circuit diagram showing a configuration
of a NAND string according to the first embodiment.
[0006] FIG. 3 is a graph showing an erasing operation
according to the first embodiment.

[0007] FIG. 4 is a cross-sectional view showing a structure
of the semiconductor storage device according to the first
embodiment.

[0008] FIG. 5is a cross-sectional view showing a structure
of a semiconductor storage device according to a modifica-
tion of the first embodiment.

[0009] FIG. 6 is a graph showing the erasing operation
according to the first embodiment.

[0010] FIG. 7 is another graph showing the erasing opera-
tion according to the first embodiment.

[0011] FIG. 8 is another graph showing the erasing opera-
tion according to the first embodiment.

DETAILED DESCRIPTION

[0012] Embodiments provide a semiconductor storage
device capable of improving reliability of an erasing opera-
tion for a memory cell transistor and a control method
thereof.

[0013] Ingeneral, according to one embodiment, the semi-
conductor storage device includes a first wiring that is
electrically connected to a plurality of memory cell transis-
tors. The device further includes an erasing circuitry that
erases data stored in the memory cell transistors by applying
a first voltage to the first wiring. The erasing circuitry applies
the first voltage such that the first voltage rises to a first
value, falls from the first value to a second value, and is
maintained at the second value.

[0014] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings. In FIG. 1
to FIG. 8, the same components are denoted by the same
reference numerals, and a repetitive description thereof will
be omitted.
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First Embodiment

[0015] FIG. 1 is a block diagram showing a configuration
of a semiconductor storage device according to a first
embodiment. The semiconductor storage device of the pres-
ent embodiment is, for example, a three-dimensional NAND
memory.

[0016] The semiconductor storage device of the present
embodiment includes a memory cell array 1, a sense ampli-
fier 2, a plurality of row decoders 3, a driver circuit 4, a
BL/SL driver 5, a voltage generation circuit 6, a detection
circuit 7, and a control circuit 8. The driver circuit 4, the
BL/SL driver 5, the voltage generation circuit 6, the detec-
tion circuit 7, or the like are examples of an erasing circuitry.
[0017] The memory cell array 1 includes a plurality of
(here, 4) blocks BLKO to BLLK3, and each of these blocks
BLKO to BLK3 includes a plurality of (here, four) memory
groups GPO0 to GP3. Further, each of these memory groups
GPO to GP3 includes a plurality of NAND strings S. Each
NAND string S includes a plurality of memory cell transis-
tors (memory cells) connected in series with each other, and
two select transistors (select gates) that sandwich these
memory cell transistors therebetween. Hereinafter, each of
the blocks BLKO0 to BLK3 is also referred to as a “block
BLK?”, and each of the memory groups GP0 to GP3 is also
referred to as a “memory group GP”.

[0018] The memory cell array 1 can store data in the
memory cells of each NAND string S. The data stored in the
memory cells are collectively erased for each block BLK.
The number of the blocks BLK in the memory cell array 1
is four in the present embodiment and may be other than
four. Similarly, the number of the memory group GPs in
each block BLK is four in the present embodiment and may
be other than four.

[0019] When the sense amplifier 2 reads data from the
memory cell array 1, the sense amplifier 2 detects and
amplifies the read data. Further, when writing data to the
memory cell array 1, the sense amplifier 2 transfers the write
data to the memory cell array 1.

[0020] Each row decoder 3 corresponds to one block
BLK. The semiconductor storage device of the present
embodiment includes four row decoders 3 corresponding to
the four blocks BLK. Each row decoder 3 selects a row in
a corresponding block BLK when reading or writing data.
[0021] The driver circuit 4 supplies each row decoder 3
with a voltage required for reading, writing, and erasing
data. The voltage is applied to the memory cells by each row
decoder 3.

[0022] The BL/SL driver 5 applies the voltage required for
reading, writing, and erasing data to a bit line and/or a source
line described later. For example, the BL/SL driver 5 applies
an erasing voltage V, , to the bit line and/or the source line
when erasing data stored in the memory cell array 1.
[0023] The voltage generation circuit 6 generates the
voltage required for reading, writing, and erasing data and
supplies the voltage to the driver circuit 4 and the BL/SL
driver 5. For example, the voltage generation circuit 6
generates the erasing voltage V., when erasing data.
[0024] The detection circuit 7 monitors the erasing voltage
V zr4 generated from the voltage generation circuit 6 when
erasing data. The detection circuit 7 further controls the
driver circuit 4 by generating a flag signal according to a
value of the erasing voltage V.

[0025] The control circuit 8 controls an operation of the
semiconductor storage device of the present embodiment.
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The control circuit 8 controls an operation of the voltage
generation circuit 6 when reading, writing, and erasing data,
for example, to generate the voltage required for reading,
writing, and erasing data.

[0026] FIG. 2 is a circuit diagram showing a configuration
of the NAND string S according to the first embodiment.
[0027] FIG. 2 shows one NAND string S in the memory
cell array 1. The NAND string S shown in FIG. 2 includes
a plurality of memory cell transistors MT0 to MT47 (here,
48) connected in series with each other, and two select
transistors ST1 and ST2 that sandwich these memory cell
transistors MT0 to MT47 therebetween. One main terminal
of the select transistor ST1 is electrically or directly con-
nected to the memory cell transistor MT47, and the other
main terminal of the select transistor ST1 is electrically or
directly connected to a bit line BL. One main terminal of the
select transistor ST2 is electrically or directly connected to
the memory cell transistor MT0, and the other main terminal
of the select transistor ST2 is electrically or directly con-
nected to a source line SL. Hereinafter, each of the memory
cell transistors MTO0 to MT47 is also referred to as a
“memory cell transistor MT”, and each of the select tran-
sistors ST1 and ST2 is also referred to as a “select transistor
ST”.

[0028] As shown in FIG. 2, the memory cell array 1
further includes a plurality of word lines WLO to WL47
(here, 48) electrically or directly connected to control ter-
minals (gate terminals) of the memory cell transistors MT0
to MT47, a drain side select line SGD electrically or directly
connected to a control terminal of the select transistor ST1,
and a source side select line SGS electrically or directly
connected to a control terminal of the select transistor ST2.
The memory cell array 1 further includes the above bit line
BL and the source line SL. The bit line BL and the source
line SL are examples of a first wiring. The source side select
line SGS and the drain side select line SGD are examples of
a second wiring. Hereinafter, each of the word lines WL0 to
WL47 is also referred to as a “word line WL”.

[0029] The word line WL is electrically or directly con-
nected to a corresponding memory cell transistor MT and is
provided in order to control an operation of the correspond-
ing memory cell transistor MT. The drain side select line
SGD is provided in order to control an operation of the select
transistor ST1. The source side select line SGS is provided
in order to control an operation of the select transistor ST2.
[0030] The bit line BL is electrically connected to the
memory cell transistors MT0 to MT47 via the select tran-
sistor ST1. The source line SL is electrically connected to
the memory cell transistors MTO0 to MT47 via the select
transistor ST2. The bit line BL and the source line SL are
used, for example, for reading, writing, and erasing data for
the memory cell transistors MT0 to MT47.

[0031] FIG. 2 shows the memory cell transistors MTO,
MT1,...MTm, ... MT23, MT24, ... MTn, ... MT46, and
MT47, in which m is an optional integer satisfying 1<m<23
and n is an optional integer satisfying 24<n<46. FIG. 2
further shows the word lines WL0, WL1, . .. WLm, . . .
WL23, WL24, ... WLn, . . . WL46, and WL47 and m and
n will be used in a description of FIG. 3 described later.
[0032] FIG. 3 is a graph showing an erasing operation
according to the first embodiment.

[0033] FIG. 3 shows various voltages used in the erasing
operation of the semiconductor storage device of the present
embodiment. Specifically, FIG. 3 shows the voltage (the
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erasing voltage) Vi, applied to the source line SL, a
voltage Vier, cpp applied to the source side select line
SGS, and voltages VSWL0 to VSWL47 applied to the word
lines WL0 to WL47. The erasing voltage V . , is an example
of a first voltage. The voltage Vi, &o; 15 an example of a
second voltage. Hereinafter, each of the voltages VSWLO to
VSWLA7 is also referred to as a “voltage VSWL”.

[0034] The erasing voltage V., is generated by the
voltage generation circuit 6 (see FIG. 1, the same applies
hereinafter) and is applied to the source line SL by the
BL/SL driver 5. The voltage Vzz, s 1S generated by the
voltage generation circuit 6 and applied to the source side
select line SGS by the driver circuit 4 and the row decoders
3. The voltages VSWLO0 to VSWL47 are generated by the
voltage generation circuit 6 and applied to the word lines
WLO to WL47 by the driver circuit 4 and the row decoders
3. As shown in FIG. 3, values of these voltages are set such
that a relationship of Viera®Vera
crpr>VSWL0=VSWIL.24>VSWL1=VSWL25> R
>VSWLm=VSWLn . . .
>VSWL22=VSWL46>VSWL23=VSWL47 is established.
[0035] In the present embodiment, data stored in the
memory cell transistors MT is collectively erased for each
block BLK. Specifically, the semiconductor storage device
of the present embodiment applies the erasing voltage V5,
to the source line SL connected to a certain NAND string S
when collectively erasing data from all the memory cell
transistors MT of the NAND string S.

[0036] At this time, the semiconductor storage device of
the present embodiment applies the voltage Vi, ooy 10 the
source side select line SGS connected to the NAND string
S. As a result, a gate induced drain leakage (GIDL) current
is generated in a channel region of the select transistor ST2.
The GIDL current flows from a source line SL side to a
memory cell transistor MT side. The data stored in each
memory cell transistors MT is erased by the GIDL current.
During the erasing operation, the voltages VSWLO0 to
VSWLA7 are applied to the word lines WLO to WL47.
[0037] In the semiconductor storage device of the present
embodiment, during the erasing operation, one or more
erasing verification operations and one or more erasing
voltage application operations are alternately repeated. In
the erasing voltage application operation, the erasing voltage
V.4 1s applied to the source line SL, the voltage Vg, 6o
is applied to the source side select line SGS, and the voltages
VSWL are applied to each word line WL. The number of
loops shown in FIG. 3 indicates the number of times the
erasing voltage application operation is performed. In the
present embodiment, the erasing voltage Vi, and the
voltage V iz, &pr increase linearly according to the number
of the loops. On the other hand, the voltages VSWL are
constant regardless of the number of the loops.

[0038] FIG. 4 is a cross-sectional view showing a structure
of the semiconductor storage device according to the first
embodiment.

[0039] The semiconductor storage device of the present
embodiment includes a substrate 11, an interlayer insulating
film 12, an interlayer insulating film 13, a plurality of
insulating layers 14, and a plurality of memory holes MHs.
FIG. 4 shows two of the memory holes MHs. The semicon-
ductor storage device of the present embodiment further
includes a block insulating film 21, a charge storage layer
22, a tunnel insulating film 23, a channel semiconductor
layer 24, and a core insulating film 25, which are sequen-
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tially formed in each memory hole MH. The channel semi-
conductor layer 24 is an example of a semiconductor layer.
[0040] The semiconductor storage device of the present
embodiment further includes the source line SL, a gate line
GL, the source side select line SGS, and the plurality of
word lines WLs as a plurality of wiring layers formed on the
substrate 11. The source line SL includes a metal layer SLa,
a lower semiconductor layer SLb, an intermediate semicon-
ductor layer SLc, and an upper semiconductor layer SLd.
The source side select line SGS includes three wiring layers
SGSa, SGSb, and SGSc.

[0041] The substrate 11 is, for example, a semiconductor
substrate such as a silicon substrate. FIG. 4 shows an X
direction and a Y direction, which are perpendicular to each
other and parallel with a surface of the substrate 11, and a Z
direction that is perpendicular to the surface of the substrate
11. In this specification, a +Z direction is taken as an upward
direction and a —Z direction is taken as a downward direc-
tion. The -7 direction may or may not coincide with a
gravity direction.

[0042] The interlayer insulating film 12 is formed on the
substrate 11. The interlayer insulating film 12 is, for
example, a silicon oxide film. The interlayer insulating film
12 may be formed directly on the substrate 11 or may be
formed on the substrate 11 via another layer.

[0043] The source line SL includes the metal layer SLa,
the lower semiconductor layer SLb, the intermediate semi-
conductor layer SLc, and the upper semiconductor layer
SLd, which are sequentially formed on the interlayer insu-
lating film 12. The metal layer SLa is, for example, a
tungsten layer. The lower semiconductor layer SLb, the
intermediate semiconductor layer SLc, and the upper semi-
conductor layer SLd are, for example, polysilicon layers.
The intermediate semiconductor layer SLc of the present
embodiment is in contact with the channel semiconductor
layer 24 in each memory hole MH. Accordingly, the source
line SL is electrically or directly connected to the channel
semiconductor layer 24 in each memory hole MH.

[0044] The interlayer insulating film 13 is formed on the
source line SL. The interlayer insulating film 13 is, for
example, a silicon oxide film.

[0045] The gate line GL is formed on the interlayer
insulating film 13. The gate line GL is, for example, a
polysilicon layer.

[0046] As described above, the source side select line SGS
includes the three wiring layers SGSa, SGSb, and SGSc. The
wiring layers SGSa to SGSc are stacked above the gate line
GL to be separated from each other. The plurality of insu-
lating layers 14 are provided between the wiring layers
SGSa to SGSc. Similarly, the plurality of word lines WLs
described above are stacked above the source side select line
SGS to be separated from each other. The plurality of
insulating layers 14 are provided between the word lines
WLs. Each insulating layer 14 includes, for example, a
silicon oxide film. Each of the wiring layers SGSa to SGSc
includes, for example, a tungsten layer. Each word line WL
includes, for example, a tungsten layer.

[0047] Each memory hole MH penetrates each insulating
layer 14, each word line WL, the wiring layers SGSa to
SGSc of the source side select line SGS, the gate line GL,
and the interlayer insulating film 13. A part of each memory
hole MH is formed in the source line SL. The block
insulating film 21, the charge storage layer 22, the tunnel
insulating film 23, the channel semiconductor layer 24, and
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the core insulating film 25 are sequentially formed in each
memory hole MH. The block insulating film 21 is, for
example, a silicon oxide film. The charge storage layer 22 is,
for example, a silicon nitride film. The charge storage layer
22 may be a polysilicon layer. The tunnel insulating film 23
is, for example, a silicon oxide film. The channel semicon-
ductor layer 24 is, for example, a polysilicon layer. The
channel semiconductor layer 24 of the present embodiment
is electrically or directly connected to the source line SL. and
is electrically isolated from the gate line GL, the source side
select line SGS, and each word line WL. The core insulating
film 25 is, for example, a silicon oxide film.

[0048] The block insulating film 21, the charge storage
layer 22, the tunnel insulating film 23, the channel semi-
conductor layer 24, and the core insulating film 25 in each
memory hole MH form the NAND string S (see FIG. 2)
together with the above-mentioned plurality of word lines
WLs. In FIG. 4, one memory cell transistor MT in the
NAND string S is shown by a dotted line.

[0049] As shown in FIG. 4, the channel semiconductor
layer 24 of the present embodiment includes an n type
diffusion layer on a side of the source line SL or the gate line
GL. The n type diffusion layer includes n type impurities at
a high concentration. As shown in FIG. 4, the channel
semiconductor layer 24 of the present embodiment further
includes an n- type diffusion layer on a side of the wiring
layer SGSa in the source side select line SGS. The n- type
diffusion layer is located above the n type diffusion layer and
includes n type impurities such that a concentration of the n
type impurities changes sharply in the Z direction. In the
present embodiment, the GIDL current can be generated by
an action of this n— type diffusion layer.

[0050] In the semiconductor storage device of the present
embodiment, the erasing voltage V., is applied to the
source line SL, and the voltage Vx, 5y 1s applied to the
source side select line SGS to generate the GIDL current in
the channel region of the select transistor ST2. The n- type
diffusion layer shown in FIG. 4 is provided in the channel
region of the select transistor ST2. The data stored in the
memory cell transistor MT shown in FIG. 4 is erased by the
GIDL current. In FIG. 4, the source line SL is an example of
the first wiring, and the source side select line SGS is an
example of the second wiring.

[0051] In this case, when a concentration profile of the n
type impurities in the n- type diffusion layer is significantly
different for each memory hole MH, an amount of the GIDL
current generated will be significantly different for each
memory hole MH. Accordingly, reliability of the erasing
operation of the present embodiment may decrease. There-
fore, the semiconductor storage device of the present
embodiment employs the erasing operation as described
with reference to FIG. 6 to FIG. 8.

[0052] FIG. 5 is a cross-sectional view showing a structure
of a semiconductor storage device according to a modifica-
tion of the first embodiment.

[0053] In addition to components shown in FIG. 4, the
semiconductor storage device of the present modification
includes the drain side select line SGD, an interlayer insu-
lating film 15, an embedded semiconductor layer 26 and a
contact plug 27 provided for each memory hole MH, and the
bit line BL. The drain side select line SGD includes four
wiring layers SGDa, SGDb, SGDc, and SGDd.

[0054] These wiring layers SGDa to SGDd are stacked on
the word lines WLs to be separated from each other,
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similarly to the word lines WLs. The plurality of insulating
layers 14 are provided between the wiring layers SGDa to
SGDd. Each of the wiring layers SGDa to SGDd includes,
for example, a tungsten layer. The drain side select line SGD
of the present modification is electrically insulated from the
channel semiconductor layer 24 in each memory hole MH.
[0055] The interlayer insulating film 15 is formed above
the drain side select line SGD. The interlayer insulating film
15 is, for example, a silicon oxide film. In the present
modification, each memory hole MH penetrates each insu-
lating layer 14, each word line WL, and the wiring layers
SGDa to SGDd of the drain side select line SGD. Apart of
each memory hole MH is formed in the interlayer insulating
film 15.

[0056] In each memory hole MH, the embedded semicon-
ductor layer 26 is formed on the core insulating film 25 and
is in contact with the channel semiconductor layer 24. Above
each memory hole MH, the contact plug 27 is formed on the
embedded semiconductor layer 26 and is in contact with the
embedded semiconductor layer 26. As a result, each of two
contact plugs 27 shown in FIG. 5 is electrically or directly
connected to the channel semiconductor layer 24 in a
corresponding memory hole MH.

[0057] The bit line BL is formed on the contact plugs 27
in the interlayer insulating film 15. As a result, the bit line
BL of the present modification is electrically connected to
the channel semiconductor layer 24 in each memory hole
MH.

[0058] As shown in FIG. 5, the channel semiconductor
layer 24 of the present modification includes the n type
diffusion layer on a side of the interlayer insulating film 15.
The n type diffusion layer includes the n type impurities at
a high concentration. As shown in FIG. 5, the channel
semiconductor layer 24 of the present modification further
includes the n- type diffusion layer on a side of the wiring
layer SGDd in the drain side select line SGD. The n- type
diffusion layer is located below the n type diffusion layer and
includes the n type impurities such that the concentration of
the n type impurities changes sharply in the —Z direction. In
the present embodiment, the GIDL current can be generated
by the action of the n- type diffusion layer.

[0059] In the semiconductor storage device of the present
modification, the erasing voltage V., is applied to the bit
line BL, and the voltage Vg, sy is applied to the drain
side select line SGD to generate the GIDL current in a
channel region of the select transistor ST1. The n- type
diffusion layer shown in FIG. 5 is provided in the channel
region of the select transistor ST1. The data stored in the
memory cell transistor MT shown in FIG. 5 is erased by the
GIDL current. In FIG. 5, the bit line BL. is an example of the
first wiring, and the drain side select line SGD is an example
of the second wiring.

[0060] As described above, in the semiconductor storage
device of the present modification, the erasing voltage V5,
is applied to the bit line BL instead of the source line SL, and
the voltage Vg, ipy is applied to the drain side select line
SGD instead of the source side select line SGS. The erasing
operation described with reference to FIG. 3 and FIG. 4 can
also be implemented by a method of the present modifica-
tion.

[0061] A problem described with reference to FIG. 4 can
also occur even in the present modification. That is, when
the concentration profile of the n type impurities in the n—
type diffusion layer is significantly different for each
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memory hole MH, the amount of the GIDL current gener-
ated will be significantly different for each memory hole
MH. Accordingly, the reliability of the erasing operation of
the present modification may decrease. Therefore, the semi-
conductor storage device of the present modification
employs the erasing operation as described with reference to
FIG. 6 to FIG. 8.

[0062] Hereinafter, further details of the erasing operation
of the first embodiment will be described with reference to
FIG. 6 to FIG. 8. Contents described with reference to FIG.
6 to FIG. 8 are applicable to the modification of FIG. 5 by
replacing the source line SL. with the bit line BL. and the
source side select line SGS with the drain side select line
SGD.

[0063] FIG. 6 is a graph showing the erasing operation
according to the first embodiment.

[0064] A curve C1 shows a time change of a source line
voltage during an erasing operation of a semiconductor
storage device of a comparative example of the present
embodiment. A curve C1' shows a time change of a source
line voltage during the erasing operation of the semicon-
ductor storage device of the present embodiment. The semi-
conductor storage device of the present embodiment and the
semiconductor storage device of the comparative example
have substantially the same configuration, but perform dif-
ferent erasing operations as shown by the curves C1 and C1'.
[0065] The source line voltage during the erasing opera-
tion is the erasing voltage V z , applied to the source line SL,
during the erasing operation. In the following description,
the “source line SL”, the “erasing voltage V., ,” and other
terms will be used not only in a description of the semicon-
ductor storage device of the present embodiment but also in
a description of the semiconductor storage device of the
comparative example. For details of these terms, refer to the
explanations of FIG. 1 to FIG. 5.

[0066] The erasing voltage V., of the present embodi-
ment rises from zero to a value V1, falls from the value V1
to a value V2, and is maintained at the value V2 thereafter
(0<V2<V1), as shown by the curve C1'. The value V1 is a
maximum value of the erasing voltage V., ,, and the value
V2 is a steady value of the erasing voltage V 5 ,. A reference
numeral t1 indicates time when the erasing voltage V., of
the present embodiment reaches the value V1, and a refer-
ence numeral t2 indicates time when the erasing voltage
V zr4 0f the present embodiment converges to the value V2.
As described above, the erasing voltage V, , of the present
embodiment temporarily reaches the maximum value V1
higher than the steady value V2, and then decreases from the
maximum value V1 to the steady value V2. The value V1 is
an example of a first value, and the value V2 is an example
of a second value. The erasing voltage V5, shown in FIG.
3 described above is, more specifically, the steady value V2.
[0067] On the other hand, the erasing voltage V., of the
comparative example rises from zero to the value V2 and is
maintained at the value V2 thereafter, as shown by the curve
C1. A difference between the erasing voltage Vi, of the
comparative example and the erasing voltage V5, of the
present embodiment is indicated by an arrow P1. A wave-
form of the erasing voltage V ., of the present embodiment
is implemented by adding a kick component that causes a
voltage rise as shown by the arrow P1 to a waveform of the
erasing voltage V., of the comparative example.

[0068] As described with reference to FIG. 4 and FIG. 5,
when the concentration profile of the n type impurities in the
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n- type diffusion layer is significantly different for each
memory hole MH, the amount of the GIDL current gener-
ated will be significantly different for each memory hole
MH. Accordingly, the reliability of the erasing operation of
the present embodiment may decrease. Therefore, in the
erasing operation of the present embodiment, the erasing
voltage V . , that changes as shown by the curve C1' is used.
Accordingly, even when the concentration profile of the n
type impurities in the n- type diffusion layer is significantly
different for each memory hole MH, it is possible to reduce
the difference in the erasing operation between different
memory holes MHs. The details will be described with
reference to FIG. 7.

[0069] FIG. 7 is another graph showing the erasing opera-
tion according to the first embodiment.

[0070] FIG. 7 shows curves C2, C3, and C3' in addition to
the above curve C1'. The curve C2 shows a time change of
a channel voltage (a channel potential) during the erasing
operation of the semiconductor storage device of the above
comparative example. The curve C3 also shows the time
change of the channel voltage during the erasing operation
of the semiconductor storage device of the above compara-
tive example. However, the curve C2 shows the time change
of the channel voltage in the memory hole MH where the
amount of the GIDL current generated is large, and the curve
C3 shows the time change of the channel voltage in the
memory hole MH where the amount of the GIDL current
generated is small.

[0071] A curve C3' shows a time change of a channel
voltage during the erasing operation of the semiconductor
storage device of the present embodiment. However, the
curve C3' shows the time change of the channel voltage in
the memory hole MH where the amount of the GIDL current
generated is small, similarly to the curve C3. The channel
voltage during the erasing operation is a voltage applied to
the channel semiconductor layer 24 during the erasing
operation.

[0072] Here, the present embodiment and the comparative
example are compared.

[0073] The channel voltage of the comparative example
rises to a high steady value in the memory hole MH where
the amount of the GIDL current generated is large (curve
C2), but rises only to a low steady value in the memory hole
MH where the amount of the GIDL current generated is
small (curve C3). A reference numeral D indicates a differ-
ence between the steady value of the curve C2 and the steady
value of the curve C3. As described above, during the
erasing operation of the comparative example, the steady
value of the channel voltage varies between the memory
holes MHs. In the comparative example, when the concen-
tration profile of the n type impurities in the n- type
diffusion layer is significantly different for each memory
hole MH, the amount of the GIDL current generated will be
significantly different for each memory hole MH. Therefore,
a variation of the channel voltage as described above occurs
(see the difference D).

[0074] On the other hand, the channel voltage of the
present embodiment changes as shown in the curve C2 in the
memory hole MH where the amount of the GIDL current
generated is large as in the comparative example, but
changes as shown in the curve C3' in the memory hole MH
where the amount of the GIDL current generated is small
unlike the comparative example. That is, the channel voltage
of the present embodiment not only rises to the high steady

Dec. 16, 2021

value in the memory hole MH where the amount of the
GIDL current generated is large (curve C2), but also to the
high steady value even in the memory hole MH where the
amount of the GIDL current generated is small (curve C3').
A reference numeral D' indicates a difference between the
steady value of the curve C2 and the steady value of the
curve C3'. The difference D' is smaller than the above
difference D (D'<D). As described above, according to the
present embodiment, it is possible to prevent the steady
value of the channel voltage from varying between the
memory holes MHs during the erasing operation.

[0075] A difference between the curve C3 of the compara-
tive example and the curve C3' of the present embodiment
is indicated by an arrow P2. In the present embodiment, the
erasing voltage Vi, temporarily rises to the maximum
value V1 higher than the steady value V2. The temporary
increase in the erasing voltage V., has an effect of con-
tributing to an increase in the channel voltage in the memory
hole MH where the amount of the GIDL current generated
is small. The arrow P2 indicates that the curve C3 changes
to the curve C3' by such an effect. Accordingly, in the
present embodiment, the variation in the steady value of the
channel voltage is prevented.

[0076] As described with reference to FIG. 4 and FIG. 5,
when the concentration profile of the n type impurities in the
n- type diffusion layer is significantly different for each
memory hole MH, the amount of the GIDL current gener-
ated will be significantly different for each memory hole
MH. Accordingly, the reliability of the erasing operation of
the present embodiment may decrease. Therefore, in the
erasing operation of the present embodiment, the erasing
voltage V .z , that changes as shown by the curve C1' is used.
Accordingly, it is possible to contribute to the increase in the
channel voltage in the memory hole MH where the amount
of the GIDL current generated is small, and it is possible to
prevent the variation in the steady value of the channel
voltage. Therefore, according to the present embodiment,
even when the concentration profile of the n type impurities
in the n- type diffusion layer is significantly different for
each memory hole MH, it is possible to reduce the difference
in the erasing operation between the different memory holes
MHs. Accordingly, it is possible to improve the reliability of
the erasing operation of the present embodiment.

[0077] FIG. 8 is another graph showing the erasing opera-
tion according to the first embodiment.

[0078] A curve C4 shows a relationship between a thresh-
old voltage Vth of the memory cell transistor MT and a bit
count in the above comparative example. A curve C4' shows
a relationship between the threshold voltage Vth of the
memory cell transistor MT and a bit count in the present
embodiment. According to the present embodiment, as
shown in FIG. 8, it is possible to improve a distribution of
the threshold voltage Vth.

[0079] Hereinafter, further details of the erasing operation
of the present embodiment will be described with reference
to FIG. 6 again.

[0080] As described above, the erasing voltage Vi, of
the present embodiment rises from zero to the value V1, falls
from the value V1 to the value V2, and then is maintained
at the value V2 (curve C1'). The value V1 may be set to any
value as long as the value V1 is larger than the value V2.
However, if the value V1 is too large, the erasing operation
is fairly wasted and thus the value V1 is preferably set to
twice or less of the value V2 (V1=2xV2), for example, it is
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desirable to set the value to 1.1 to 1.3 times the value V2
(1.1xV2=V1=1.3xV2). The value of the erasing voltage
V zr4 can be measured, for example, by measuring a poten-
tial of a wiring that penetrates the insulating layer 14 or the
word line WL and that is electrically connected to the source
line SL as in the channel semiconductor layer 24.
[0081] Further, the erasing voltage Vi, of the present
embodiment rises to the value V2 before the time t1, rises to
the value V1 at the time t1, and falls to the value V2 after
the time t1 (specifically, the time t2). Time from when the
erasing voltage V., rises to the value V1 to when the
voltage falls to the value V2 may be adjusted to any value,
but if the time is too long, the erasing operation is fairly
wasted. Therefore, it is desirable to adjust this time from 1
us to 100 ps, for example, from several ps to several tens of
us.
[0082] The erasing voltage V., of the present embodi-
ment is generated by, for example, the voltage generation
circuit as described above. The voltage generation circuit 6
includes, for example, a pump circuit capable of switching
an output voltage between the value V1 and the value V2. In
this case, the semiconductor storage device of the present
embodiment can apply the erasing voltage V . , as shown by
the curve C1' to the source line SL by switching the output
voltage from the voltage generation circuit 6 between the
value V1 and the value V2.
[0083] As described above, the semiconductor storage
device of the present embodiment can apply the erasing
voltage Vi, to the source line SL such that the erasing
voltage V. , rises to the value V1, decreases from the value
V1 to the value V2, and is maintained at the value V2.
Accordingly, it is possible to improve the reliability of the
erasing operation for the memory cell transistor MT.
[0084] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the disclo-
sure. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosure. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosure.
What is claimed is:
1. A semiconductor storage device, comprising:
a plurality of memory cell transistors;
a first wiring electrically connected to the plurality of
memory cell transistors; and
an erasing circuitry configured to erase data stored in the
memory cell transistors by applying a first voltage to
the first wiring, wherein
the erasing circuitry is configured to apply the first voltage
such that the first voltage rises to a first value, then falls
from the first value to a second value, and is then
maintained at the second value.
2. The semiconductor storage device according to claim 1,
wherein
the first wiring is a source line.
3. The semiconductor storage device according to claim 1,
wherein
the first wiring is a bit line.
4. The semiconductor storage device according to claim 1,
further comprising:
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a select transistor provided between the first wiring and
the memory cell transistors; and
a second wiring electrically connected to the select tran-
sistor, wherein
the erasing circuitry is configured to
generate a current by applying the first voltage to the
first wiring and applying a second voltage different
from the first voltage to the second wiring, and
erase data stored in a memory cell transistor by the
generated current.
5. The semiconductor storage device according to claim 4,
wherein
the first wiring is a source line and the second wiring is a
source side select line.
6. The semiconductor storage device according to claim 4,
wherein
the first wiring is a bit line and the second wiring is a drain
side select line.
7. The semiconductor storage device according to claim 1,
wherein
each of the plurality of memory cell transistors includes:
a plurality of word lines stacked above a substrate and
separated from each other;
a charge storage layer provided in the word lines; and
a semiconductor layer provided via the charge storage
layer in the word lines, and
the first wiring is electrically connected to the semicon-
ductor layer.
8. The semiconductor storage device according to claim 7,
wherein
the first wiring is provided between the substrate and the
word lines.
9. The semiconductor storage device according to claim 7,
wherein
the first wiring is provided above the word lines.
10. The semiconductor storage device according to claim
1, wherein the applied first voltage rises from zero to the first
value, then falls from the first value to the second value, and
is then maintained at the second value.
11. The semiconductor storage device according to claim
1, wherein the first value is a maximum value of the first
voltage.
12. The semiconductor storage device according to claim
1, wherein the second value is a steady value of the first
voltage.
13. The semiconductor storage device according to claim
1, wherein a first time when the first voltage reaches the first
value is earlier than a second time when the first voltage
converges to the second value.
14. The semiconductor storage device according to claim
1, wherein the first value reaches a maximum value of the
first voltage higher than a steady value of the first voltage,
and then decreases from the maximum value to the steady
value.
15. A method for controlling a semiconductor storage
device, comprising:
generating a first voltage by an erasing circuitry; and
erasing, by the erasing circuitry, data stored in a plurality
of memory cell transistors by applying the first voltage
to a first wiring electrically connected to the memory
cell transistors, wherein
erasing the data stored in the plurality of memory cell
transistors includes applying, by the erasing circuitry,
the first voltage such that the first voltage rises to a first
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value, then falls from the first value to a second value,
and is then maintained at the second value.

16. The method according to claim 15, wherein the
applied first voltage rises from zero to the first value, then
falls from the first value to the second value, and is then
maintained at the second value.

17. The method according to claim 15, wherein the first
value is a maximum value of the first voltage.

18. The method according to claim 15, wherein the second
value is a steady value of the first voltage.

19. The method according to claim 15, wherein a first time
when the first voltage reaches the first value is earlier than
a second time when the first voltage converges to the second
value.

20. The method according to claim 15, wherein the first
value reaches a maximum value of the first voltage higher
than a steady value of the first voltage, and then decreases
from the maximum value to the steady value.

#* #* #* #* #*
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